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acid for phcnox’iacciic acid 




THE lCFFJ>(^r OF ADHEXALECrOMY, ADREN.VL CORTICAL 
HOHMONT.^, \M) 'I'RVrosrEROXE PROPIONATE PLUS AD- 
RENAL rOH'l 1C\L FAIR \Cr ON THE ARGINASE ACTIVITY 
OF THE \A\rA\ AND KIDNEY OF THE RAT'^ 


Ih C.1IAH1 1 s ]vOC H \K1AN and VIllGINIA N VAILj 

[I rom thr Dcpnriiiiatt oi I'h oiiil 1 tfnl Pcoywniics, School of Medicine and 

Dcniulri, 7/<- f/;i ur'ilt/ of llnchc-stcr, Rochester, New York) 

(lircci\cil for piihlicition, Iiiiuarj 29, 1947) 

There ire, .inioiig Iho ‘-(oroul honnoncp, compounds Mhicli stimulate 
prolcin amboh'-m, llic honnonos’ (T, 1, 2), and protein catabolism, 
the "S” lionnoncs' (gl} coneogencsis from protein in the fastmg orgamsm) 
(5, G) It IS concen 'ililc tint these two groups of homiones may play a 
role m the Inhtuo of certain pln'^cs of protein metabolism in the body 

icf ( 1 )) 

It has been NUggcsIi'd tli it the iclion of the S hormones is mediated 
through the Iner 'iigiii'i=e, which is intrea‘=cd m chiomcally treated adien- 
ilcotomizcd uid Inpojiln'-cctoniiml but not m noiTnal rats (7) Tes- 
tosterone propion it<', on the other hand, docs not decrease this enzjnne of 
the Iner either in noriml" (7) or c,isliated- lats and castrated mice (8), 
guinea pig^,- or hamsters- It seemed, however, that the mciease m 
protein catabolism ind Iner uginase induced bj’’ the adrenal cortical 
hormones could be it Icist pirtlj ])rc\cntcd by pieMous treatment of 
rats With a potent N hormone, c g testosterone piopionate 


Melhod 


Adrcnalcclomrj — White rats of the Wistai stiain were adienalectomized 
under ether anesthesia m groups of eight to twelve 
Hormone Prepaialwns — 2 5 mg of testostcione propionate,® m 0 1 ml 
of “esame oil, were injected in the moining and the e\enmg from the day 
of operation, including the morning of the day of the autopsy 


* Tins investigation was aidod by grants from the Josiah Macy, Jr , Foundation 
‘ind the Ciba Pharmaceutical Products, Inc 

t Part of the data in this paper was taken from a thesis submitted by Virgima N 
ail to the Graduate School, The University of Rochester, in partial fulfilment of 
the requirements for the M S degree, July, 1915 

* terminology of Albright (1) is used, especially since there is no assurance 
at the nitrogen retaining properties of the steroid hormones parallel their andro 

genic activity (c/ (2, 3)) 

* Unpublished work 

The testosterone propionate (perandren) and desoxycorticosterone acetate 
ipcrcorten) were provided by the Ciba Pharmaceutical Products, Inc 
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ARGINASB ACTIVITY IN MVER AND KIDNEY 


The desoxycoiticosterone acetate^ was injected at 1 mg per day from 
the day of operation 

Table I 

Effect of Adrenalectomy, Adrenal Cortical Hormones, and Teslosteione Propionate 
(TP) Plus Adrenal Coitical Extiact on Arginasc Activity of 
Liter and Kidney of flic Rat 


Treatment* 

To 

No 

Urinary nitrogen 

No 

Arginase 

Pi 

rats 

period 


rats 

Liver 1 

Kidney 


gm 


nts per 

24 hrs 

per 

cent] 


itmis per gm 

per 

cent 

gm 

Hr 

#cr 

cent 

Normal 

145 

7 

192 d= 14t 

+53 

7 

9800 


2060t 

+86 

Il37 

± 

2n, 

4"37 

Control 

156 

8 

126 d= 27 


10 

5260 


1140 


IlOO 

± 

22 


Water ad libitum 

144 

3 

148 ± 55 

+18 

S 

4860 


625 

-8 

1106 

± 

15 

+6 

DCA 1 mg per 

161 

4 

141 ± 33 

+12 

6 

4900 


1930 

-7 

121 


27 

+21 

day 

ACE§8X0 5ml 

157 

7 

212 ± 26 

+68 

13 

5130 

+ 

1620 

-2 

124 

± 

30 

+24 

per hr 

ACE§9X 1 0 ml 

151 

3 

214 ± 25 

+70 

11 

5460 


1420 

■4'4 

122 

± 

32 

+22 

per hr 

ACE§8X2 0ml 

142 

6 

257 ± 39 

+104 

6 

1 

4890 


1020 

-7 

111 

± 

25 

+11 

per hr 

TP 2 X 2 5 mg 

158 

6 

204 ± 28 

i 1 

+62 

11 

6310 


1270 

+20 

197 

± 

i 

40 I 

+97 

per day + 
ACE§ 8X05 
ml per hr 








1 

! 



i 

1 

+13 

TP 2 X 2 5 mg 

163 




10 1 

3870 

± 

860 

-26 

213 

± 

26 

per day -f 
ACE§ 9X10 
ml per hr 





1 



i 

i 





+130 

TP 2 X 2 5 mg 

150 

6 

290 ± 66 

+130 

6 

5120 

± 

1060 

-3 

230 

± 

37 

per day -p 
ACE§ 8X20 
ml per hr 









1 






* All of the rats (except normals) were adrenalectomized and given 1 per rsnt 
sodium chloride as drinking water, except as indicated (water ad libitum) and 
rats which received desoxycorticosterone acetate (DCA) 

t Per cent change fiom adrenalectomized controls receiving 1 per cent sodium 
chloride as drinking w ater 

t Standard deviation = VsdVfn — 1) 

§ Adrenal cortical extract (ACE) (aqueous, Upjohn) was injected at hourly lU 
tervals on the last day 

The adienal cortex e\-tract (aqueous, Upjohn^) vas concentrated just 
before use in vacuo at 30-40'’ to about one-half its volimie in order to re 

* Part of this material w as pro\ ided by Dr M Kuizenga, The Upjohn Companj , 
and the rest was purchased from local dealers 
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nio\e tl)c alcoliol, t!ie \olurne \\ is icslored with \\alcr, except in the 2 
ml per injection experiment*;, wlieii it ^^as made to excactly one-half of 
its original \olume The injections iieic given on the 5th postoperative 
da^ at hourly nitcn ils foi S hours (9), except in the case of one gioup 
i\hich recen cd nine injections (r/ Tiblc I) 

Unna)!/ Ntlrogcn — 'J'he rats veie placed in metabolism cages as a lule 
3 dijs before Ihc opeiafion and nere gnen 12 gm of Purma fox chon 
maal and 1 per cent sodium chloiide or tip nater (c/ Table I) at 5 p m 
aich di} 'J he urine was collected daily just before feeding On the 
•1th postoperatn 0 dn no food was given, a mine collection was made on 
the following moinmg just before the injections of the adrenal coitical 
extract were begun, it which time the dunking tubes were lemoaed from 
the cage (10), ind a fiinl collection w'as made at autopsy The urine in 
the bladdei wis ulded to the last collection 
The tot d nitrogen content of the \arious collections was determined 
by the micro Kjeld ihl pioceduic 

Prcpiralion of Ti'isuc Homogenates and Enzyme Deleiminalion — 1 houi 
after the 1 ist injection of the adicnal cortical extract the lats were injected 
intrapcntonc dh w ilh *- 0 vhuin amj t d at 9 mg pei 100 gm of body weight 
The left section of the medim lobe of the Iner” and the light ludney were 
removed, w eighcd on a Roller-Smith torsion balance, ind placed in separate 
heaay walled Pvrex tubes ( ontaimng 5 ml of cold ledistilled water The 
ti*:sue samplas weic homogenircd (8, 11), and enough w*atei was added 
to give a concentration of 20 ml of water pei gm of tissue The hvei 
homogenate was diluted fill ther b} pipetting 1ml into a 100 ml volumetric 
hjsk containing 10 ml of sodium barbital bufter,® pH 9 4, and malang to 
loliunc with ledistillcd w iter (S) The diluted material wms filtered 
tw o la 3 em of cheese-cloth to remove large particles of cormcctiv e 
The aigim«f* was detei mined as previously desciibed (8, 11) 

Results 

Urinary Nitrogen — The untieated adienalectomized rats excieted less 
nitrogen in the mine dm mg the period of fasting than the normal rats 
The administiation of 1 pei cent sodium chloride as chinking watei or 1 
nig pei day of desoxj’^corticostei one acetate chd not lestoie the nitrogen 
excretion to noimal The intensive tieatment with adienal cortical ex- 
tiact, on the other hand, increased the nitiogen excretion up to and above 

' Tile remiunder of thclu erwas analyzed for glycogen, w hich was gre itly inci eased 
by the adrenal cortical extract (Vail and Kochakian, unpublished) 

' If the sodium barbital buffer is omitted, there is a rapid and marked decrease in 
activity (Kochakian, unpublished) This decrease can be prevented also bj* the 
addition of eobaltous chloride (12, 13) 


through 
' ti'-sue 
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AEGINASB ACTTVJTT IN LIVER AND KIDNET 


normal The p^e^^ous treatment with testosterone propionate had no 
significant effect on mtrogen evcretion of the rats treated with the adrenal 
cortical extract 

Argmase — ^The argmase activits’- of the hver of the untreated adrenalec- 
tomized rats was approximately one-half that of the normal rats None 
of the vanous treatments significantly alleviated the effects of the adren- 
alectomy 

The argmase activity of the kidney also was decreased after adrenalec- 
tomy but not as greatly as that of the hver Furthermore, both des- 
oxycorticosterone acetate and the vanous doses of the adrenal cortical 
extract partly, but not entirelj’-, alleviated the effect of the removal of the 
adrenals The admmistration of testosterone propionate, on the other 
hand, mcreased the enzyme content to slightlj'^ more than twice that piesent 
in the kidneys of the adrenalectomized rats 

DISCUSSION 

, The decrease m urme nitrogen excretion by the fastmg adrenalectomized 
rat and the increase on treatment with adrenal cortical extract or certam 
of the Cii CO rtical steroids are now well known (5, 6) 

The mabil^ty of previous treatment ivith testosterone propionate to 
reduce the marked piotem-cataboUc effect of the adrenal cortical extract 
mdicates that there are no antagonistic or competitive effects betiieen the 
N and the S hormones m acute experiments of the type employed m this 
study It must be borne m mmd, however, that the mtensive treatment 
of the rats ivith the adienal cortical extract may have “ov envhelmed” 
the prenously established protem-anabolic effect of testosterone propionate 
(2) It IS possible that under milder conditions a counterbalancing ef- 
fect between these two types of protem hormones may exist 

The decrease m hver argmase after adrenalectomy is m agreement 
with a previous (7) and a recent (14) report The failure of desoxycortico- 
sterone acetate to affect the enzyme confirms the obseiwation of Fraenkel- 
Conrat et al (7) This hormone, how ev er, effectively mcreases the enzyme 
when admmistered at a dose level of 2 mg per day (7) and 3 mg per day 
(14) Furthermore, the latter dose has been showm to be the most satis- 
factorj’’ for the maintenance of lactation m adrenalectomized rats (c/ 
(14)) 

Contraiy to expectation (7), the adrenal cortical extract did not restore 
the hv er argmase to or ev’’en toward normal This is especially remarkable 
since the extract produced a marked increase m mtrogen excretion, accom- 
panied by marked mcrease m hvmr glycogen Therefore, an mcrease in 
glyconeogenesis fiom protem under S hormone stimulation does not require 
an increase in hver argmase The difference between these results and 
those of Fraenkel-Conrat et al (7) and FoUey and Greenbaum (14) is due 
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to the conditions of the respective studies The increases noted by these 
m\ ostigators were obtained after treatment over a penod of days Fur- 
thermore, no remarkable elTccts vere obtained m normal rats (7) Thus 
their results may be interpreted as a reflection of the partial restoration 
of the amraals to a normal state, an anabolic rather than the catabohe 
effect suggested by Fraenkel-Conrat ct al (7) Indeed, 17-hydroxy-ll- 
dehydrocorticosterone, a \cry potent S hormone, has been demonstrated 
to prolong the surv i\ al and increase the body weight of immature adrenal- 
ectomized male rats (15) 

It IS of interest that, after adrenalectomy, the hver loses much of its 
arginase activity but retains its full activity to deamimze alanine and glu- 
tamic acid (16) The kidncj', on the other hand, not only loses a great 
deal of its arginase activity but also its ability to deamimze glutamic acid 
(16) and alanmc (17, 16) 

Both dcsovycorticosterone acetate and the adrenal cortical extract were 
somewhat cffectne in restoring the kidney arginase toward noimal, but 
the substitution of 1 per cent sodium chlonde as drinking water was mef- 
fectne It seems, therefore, that the ladney aiginase-restonng abihty 
of the adrenal cortical hormones is not associated wnth their electrolyte- 
regulating property 

The veiy marked increase in the kidney aiginase of the rats previously 
treated ivith testosterone propionate is due in all probability to this com- 
pound per sc, for similai mcreases have been noted in castrated rats in- 
jected with testosterone propionate (c/ (3)) It is noteworthy that these 
great changes are produced m such a short penod of time and in the ab- 
sence of the adrenal cortex 


SUMMAHY 

Adrenalectomy decreased the fasting urmarj'^ mtrogen excretion and 
the arginase activity of the hver and kidney of young (150 ± gm ) adult 
male rats The admuoistration of 1 per cent sodium chlonde as drmking 
Mater wms ineffective and desoxycorticosterone acetate, 1 mg pei day, had 
a slight alleviating effect on only the decrease in kidney arginase The 
administration of adrenal cortical extract (aqueous, Upjohn) at hourly 
intervals for 8 hours on the 5th postoperative day gieatly increased the 
unnary nitrogen but did not affect the liver argmase, and partly restored 
the kidney arginase Previous treatment with testosterone propionate, 
2 5 mg twice per day, did not alter the effects of the adrenal cortical ex- 
tract but greatly increased the kidney argmase 
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/ 3 -GLUCIjUONID VSE ITS RELATION TO THE ACTION 
OF THE ESTROGENIC HORMONES 

B\ BILLUM II FISinUN* 

(r rom Ihc Dcpcrlmcnlt of Surgcn/ ami Btochcmislrt/, Umvcrstlij of Chicago, Chicago) 
(Hccencd for publication, February 3, 1917) 

llic incie.i‘'e m / 3 -glutinonKla*-c •ictivit}’’ jii tlic uteius of ovariectomized 
mite \\hirli follows cslrogcn injcdion ( 1 ) inclicalcd that this enz3Tne Avas 
iinoh cd in the st ntlicsis of ^ glucuionidcs b}' the uteuis The increase in 
oiizATiic concent ml 1011 wliicli follows the adniinistiation of drugs which aie 
cxcieted as ghiciiionidcs ( 2 , 3 ) w is similail}' inteipieted It is inipoitant 
to note tliat there is i in nked s])eciticit3’ exhibited in the site of action of 
thc'^c X anous agents, i c , the cstiogens incicasc the enz3mic activit3’’ of the 
uterus without appictiiblc alteiation of the Inei enz3Tne, while the 
glucuromdogemc drugs mcic isc the enz3Tne in the livei, Iadne3’', and spleen 
and arc without cficct on the concoiitiation of enz3Tne m the uteius It 
seemed icasonable thcrcfoic to believe that /?-glucuionidase participated 
m the tissue transpoit oi metabolism of the estiogens, and the experiments 
described m this icpoit wcic designed to test tlus h3p>othebis To this end 
mice were ticitcd with xaiious cstiogeus natuial and ai-tificial, and the 
enz 3 'mc concentration m diflcient tissues was studied Following estrogen 
injection, an inciea^-c in cnzx'mic ictivit3’’ was found in the utenis and not in 
'cxeial other tiosuos Tlic oflcctne dose of estiogen was x'eiy small, well 
within pin siological limits, so that the lesponse obtamed appears to be a 
normal tissue reaction rathei than an attempt upon the part of the organism 
to deal with a foicign toxic agent by conjugation and ehmmation 

Study of Enzyme xn Various Tissues following Injection of 
Eslrogemc Hormones 

Ovariectomized mice weie injected A\ith aqueous alcoholic solutions of 
estione, estriol, estiadiol, estriol glucuionide, and stilbestrol, as pieviousty 
described ( 1 ) Ilowevei, instead of indnudml organ detennmation, assay 
of the enzyme was peifoimed on a homogenate of pooled organs of each 
experimental group of three mice ( 3 ) Blood xvas collected from the chest 
cavity, oxalated, and sepaiated into cells and plasma The cells w^ere 
washed xvith saline and hked Glucuionidase detemmations xvere 
performed on the hvei, kidney, spleen, uterus, vagma, laked blood cells, 
and plasma of each gioup of mice The lesults are given in Table I 

* Aided by a grant from the Otho S A Sprague Memorial Institute 
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Of the tissues listed, wuth the exception of uterus and m some cases 
vagina, which show elevated activities, the enzyme activity of the hver, 
kidney, spleen, blood cells, and plasma remains largely unchanged, sub- 

Table I 

Effect of Estrogens on p Glucuronidase Activity of Various Tissues of 
Ovariectomized Mouse 


Experi- 

pstrogen (xn 
aqueous alcohol) 

Total 

dosage 



^ Glucuronidase activity* 



zncnt 

No 




Uterus 

Vagina 

Blood 
cells 
per ml 

Blood 
pasma 
per ml 

1 

Controls 

y 

0 

3 18 

1 31 

6 64 

0 92 

1 03 

0 24 

0 08 


Estrone 

■B 

4 42 

1 85 

6 95 

2 90 

2 36 

0 26 

0 05 


Estradiol 

mm 

4 23 

1 40 

7 31 

3 22 

1 68 

0 31 

0 07 


Estriol 

■b 

3 35 

1 26 

5 72 

1 87 

1 21 

0 26 

■la 


tt 

72 0 

4 15 

1 35 

6 22 

2 70 

1 47 

0 28 


2 

Controls 

■■ 

2 28 

1 56 

3 89 

0 89 

0 94 

0 37 

warn 


Estrone 

mm 

2 32 

1 36 

4 66 

3 OS 

2 67 

0 26 

0 09 


Estradiol 

WM 

2 43 

1 44 

4 50 

2 93 

1 43 

0 31 



Estriol glu- 
curonide 

72 0 

2 18 

1 51 

6 22 


2 40 

0 53 

0 09 


Stilbestrol 

72 0 

2 16 

1 35 

3 90 

3 28 

1 33 

0 26 

0 11 


The estrogen was injected subcutaneously m a total volume of 1 2 ml of 8 per 
cent alcohol, divided into 0 2 ml^ doses twice a day for 3 days Control mice re- 
ceived 8 per cent alcohol alone The animals were killed on the 5f h day and aqueous 
homogenates of the pooled organs of each experimental group (three mice) were 
prepared The system consisted of 0 40 ml of tissue extract, 0 40 ml of 0 1 v acetate 
buffer (pH 5 0), and 0 2 ml of 0 15 n sodium menthol glucuromdate Incubated 70 
hours at 37 5° The glucuromc acid liberated is estimated from the increase in 
reducing power of the digest over that of a boiled enzyme control (3) The limits 
of variation which can be expected in any single determination maj be stated in 
terms of percentage variation as follows lixer, ±19 (sixty-three mice), kidnej ±25 
(fifty seven mice), spleen, ±25 (fifty-four mice), uterus, ±33 (thirtj -nine mice), and 
X agina, ±27 (thirty -four mice) Similar data on pooled organs under these exact 
experimental conditions have not been collected However, in other experiments 
x\ith a 22 hour period of incubation (Table II), data on pooled organs have shown 
limits of variation which are not greater certainly than those given for determina- 
tions on individual mice It has proved to be more satisfactory to make comparisons 
bv referring to the values of a control group, run simultaneously, rather than to a 
composite ax erage In Table I, the cnzj-mc actix ities in the control groups are in 

the higher range of the normal r ^ 

* Mg of glucuromc acid liberated per hour per gm of wet tissue 

sequent to estrogen mioction, compared to the corresponding control 
Llw“Sr:ud ieen .as definrtely unaSec.ed (Table 11, 
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In these evpenments it is interesting to note the similanty m the action 
of the nrliricnl cstiogon to the natural cstiogeiis, and it may be noted that 
stilbestrol inonoglucuionulc Ins been isolated fioni the unne of rabbits 
injected with sfilbcslrol (J) 

Another finding w Inch ‘'Ocnis significant is the presence of the enzyme m 
nioine blood In hum iin,' both cells and plasma show /3-gluciiromdase 
acti\if\ 


Relation of Dosaqc of Estrogen to Glucuronidase Activity 

-Vmoiints of cstriol, cstiiol glucuronide, estradiol, and estrone (0 025 to 
30 y) wore administered to oi aiiectomizcd mice in groups of twelve, as 
preiioinlj described (1) Then uteri vere analyzed individually and 
the a\cragcs for each group h ive been computed The difference between 
this nine and the ^^lue of the contiols is e\pressed as a peicentage in- 
crease The^c 1 01110*^ h u c been related to the dosage in Fig 1 

It IS c\iden( that estrone, cstiadiol, and estnol are moie effective at 
lover doses than is estnol glucuronide and that significant effects are ob- 
tained vith amounts of estrogen in the physiological lange A sunilai 
result IS rcpoi led in Table I It may be significant that a plateau is reached 
vith incrc<i«ing amounts of estrogen 

Effect of Testosterone Pwpionate When Administeied Simultaneously 
with Estradiol Benzoate 

The purpose of tins cxpeiiracnt vas to deteimme vhethei oi not the 
action of cstiogcii in elevating uterine glucuromdase could be prevented 
by androgen Fiom Table II, it is evident that, although the weight of 
the uterus is lower in the gioups icceiving estradiol benzoate and testos- 
terone piopionate simultaneously, the concentration of enzyme is still 
in the same range as in the group leceiving estradiol benzoate alone Sim- 
ilar results are obtained w lien the data are expressed on the basis of mtiogen 
content and w’hcn a longci peiiod of observation is employed (Table III) 

In these experiments somewhat different conditions have been employed 
(injection of esteiihcd hormones in oil), so that a comparison of the effects 
of 100 y of testosteione piopionate with the estrogen senes becomes dif- 
ficult Appaiently 1 mg of testosterone propionate will elevate utenne 
glucuromdase The compaiison on a more quantitative basis of the 
effects of andiogens and othei substances has been reserved for future 
study 

Whereas the ability of androgen to antagonize estrogen stimulation is 
Wide-spread, its failuie to do so m the case of uteime glucuromdase argues 
for a unique type of sjiecificity of action by estrogen 

‘ Fishman, W H , unpublished 
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Eipicssion of Uteime ^-Glucuromdase Aclwity on Basis of Tolal Nitrogen 

In tissues such as liver and kidney, A\hose composition is legulated ivithin 
^ely narlo^^ limits, it is peimissible to e\piess the enzyme concentiation 



I iG 1 The relation of dosage of estrogen to elevation in glucuronidase activit} 
The estrogen was injected subcutaneously in a total volume of 1 2 ml of 8 per cent 
alcohol, divided into 0 2 ml doses twice a day for 3 days Control mice received 
S per cent alcohol alone The animals were killed on the 5th daj and aqueous homog 
cnates of the uteri were prepared The system consisted of 0 40 ml of uterine 
extract, 0 40 ml of 0 1 x acetate buffer (pH 5 0), and 0 20 ml of 0 15 N sodium menthol 
glucuromdate Incubated 70 hours at 37 5” The glucuronic acid liberated is cs 
timated from the increase in reducing pow er of the digest ov^er that of a boiled enzjme 
control 13) The difference in the enzjmic activities in the estrogen treated groups 
as compared to the controls is expressed as a percentage increase The average 
uterine glucuronidase value for tliirtj-nine animals (individual analyses) in the 
control group was 0 68 ± 0 23 mg of glucuronic acid per hour per gm of vv et tissue 

on the basis of ivet weight However, in tissues such as uterus, whose 
water content is greatly augmented b3’’ estiogen admmistiation, enziane 
concentration on a wet w eight basis is apt to be unsatisfactor}^ 

The use of drj' w eight of tissue oi total mtrogen as a basis foi expressing 
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cn7^^llc concent nlion in tlic uterus is idvisable when a quantitative com- 
pinson of the elTccts of esliogen is being made tins means the in- 
crease m cnrvmic nclivitj is made more appaient, as in Table III and 

Taiili II 


Effect of L-^trogen and \udrogcn on /3 GlucuronidaiC Activity of Various Organs 



''ubMincc irfrnini«trrc<! 

(in Oil) 

Tot'll 

Average 
ulcnnc 
weight ^ 

p Glucuromda'?e activity 


Liver 



Uterus 



y 

1 

1 





1 

None 

0 


2 32 

1 21 

2 02 

0 62 


Lsfnduil bciizoalr 

2 0 


2 29 

0 87 

3 15 

1 30 


Testosterone jiro|)iomtc 

100 0 

14 0 

2 13 

0 90 

2 43 

0 98 


1 stradiol benzoate + 

2 0 

71 5 

2 76 

0 90 

2 60 

1 72 


Testosterone propion itc 

500 0 


1 





Lslradiol benzoate 1- 

2 0 

04 0 

2 95 

1 13 

2 98 

1 50 


Tesloslerone propionate 

1000 0 


! 




2 

bone 

0 

10 3 

2 10 





Lstradiol benzoate 

1 0 

83 5 

2 74 





Testosterone jiropionalc 

1000 0 

31 6 

2 25 





Lstradiol benzoate + 

1 0 

52 0 

2 S3 





Testosterone propionate 

1000 0 







The test substances were injected subcutaneously m a total \olume of betiveen 
1 0 to 2 0 ml of salad oil, divided equally into three daily doses Control mice 
received s ilad oil alone The animals were killed on the 4th day and aqueous 
homogenates of the pooled organs of each e\perimental group (three mice) were 
prepared The sj stem consisted of 0 40 ml of tissue extract, 0 40 ml ofOlvacetate 
buffer (pll 5 0), and 0 20 ml of 0 15 'i sodium menthol glucuronidate Incubated 
22 hours at 37 5° The glucuronic acid liberated is estimated from the increase in 
reducing power of the digest over that of an average of two controls, one contaimng 
boiled extract in the presence of substrate and the other unboiled extract without 
substrate The normal range of tissue enzyme activities obtained by duplicate 
analyses on six groups of ovaricctomized mice (three mice to a group) was as follows 
liver 1 83 to 2 88 mg of glucuronic acid per hour per gm of wet tissue, kidney, 0 72 
to 1 70 mg , spleen 2 31 to 4 50 mg , and uterus 0 36 to 0 82 mg From these data, 
the limits of variation which can be expected in any single determination on poo e 
organs can be stated tentatively in terms of percentage variation as follows liver 
±11 per cent, kidney ±29 per cent, spleen ±16 per cent, and uterus ±17 per cent 
* Mg of glucuronic acid liberated per hour per gm of wet tissue 

Fig 2 Intiautenne fluid vvluch accumulates in the estiogen-stunulated 
uteri often escapes when the uterus is removed This factor, which wou d 
be an important source of variation and eiioi m the determmation of 
wet weight concentration, is of much less importance when the concentra- 
tion IS expressed on a nitrogen basis In the previous experiments (2) 
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and m those reported in Tables I, II, and Fig 1, it lias not been necessary 
to make utenne mtrogen determinations, since the conclusions iihich are 
drann are mom of a quahtative than of a quantitative nature 
When 1 7 of estradiol monobenzoate is administered m oil, the total 
utenne mtrogen inci eases about 3-fold, while the enzjone concentration 


Tabu: III 

Comparthon of Enzyme AUivtiics Based on Wei IT eight and on Nttiogen 

Content of Uterus 


Substance administered (in oil) 

1 Dosage 

Daj fol 
lowing 
3rd 

injection 

A\erage 
uterine 
weight i 

Total 
actjvitj • 

Total N 

Acti\ it> 
per mg 
N 

Activitj 
per gm 
wet 
tissue 




ms 


r»S 



Control 


0 

19 7 ' 

0 09 

0 76 

0 12 


Estradiol benzoate ' 


1 

71 2 

1 18 

1 30 

mm 

1 66 

“ “ + i 


2 

31 9 


0 69 

Bra 

1 85 

Testosterone propionate 






1 


Estradiol benzoate -f 

i 1 

5 

44 0 



0 62 

1 30 

Testosterone propionate 

1000 



! 





The test substances vere injected subcutaneousl} m a total volume of between 
1 0 and 2 0 ml of salad oil, divided equnllj into three dailj doses Control mice 
received salad oil alone These animals were killed on the 4th day and the estrogen 
treated groups were continued for periods up to the 8th daj of the evperiment 
Aqueous homogenates of the pooled oigans of each experimental group (two mice) 
were prepared The system consisted of 0 40 ml of tissue extract, 0 40 ml of 0 1 ^ 
acetate buffer (pH 5 0), and 0 20 ml of 0 15 ^ sodium menthol glucuronidate Incu- 
bated 22 hours at 37 5° The glucuronic acid liberated is estimated from the increase 
in reducing poiver of the digest over that of an aveiage of two controls, one contain- 
ing boiled extract in the presence of substrate and the other unboiled extract without 
substrate Uterine nitrogen was deternuned by inicio-Kjeldahl analyses on suitable 
aliquots of the tissue homogenate The normal range of uterine glucuronidase 
activities obtained bj duplicate analjses on five groups of ovanectomized mice 
(three mice to a group) were as follows 0 36 to 0 82 mg of glucuronic acid per hour 
per gm of wet tissue, and 0 12 to 0 22 mg of glucuronic acid per hour per mg of 
utenne nitrogen From these data, the limits of variation which can be expected 
in an> single determination on pooled uteri maj be stated tentatively in terms of 
percentage v nriation as follows uterus (wet tissue) ±17 per cent, uterus (nitrogen) 
±23 per cent 

* Mg of glucuronic acid liberated per hour 

IS eletated ten to thuteen timeb (Fig 2) The prolonged effect heie is 
probably due to the delayed absoiption of estrogen from the oil and the 
slo'ser rate of its destmction and elimination, smee m othei unpublished 
experiments wuth dilute alcoholic solutions of estrogens the elevation of 
enzyme is of shorter duration 
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Tic 2 A comjj'irison of clmngcs m uterine nitrogen and in glucuronidase con- 
centration foIIoiMng flic injection of estradiol benzoate The system consisted of 
0 40 ml of tissue extract, 0 40 ml of 0 1 n acetate buffer (pH 5 0), and 0 2 ml of 0 15 
N sodium menthol glucuronidatc Incubated 22 hours at 37 5° The glucuronic acid 
liberated is estimated from the increase in reducing power of the digest over that 
of an axerage of tx\o controls, one containing boiled extract in the presence of sub- 
strate and the other unboiled extract w ithout substrate Total uterine nitrogen was 
computed from micro Kjcldahl determinations on suitable aliquots of the tissue 
homogenate The normal range and limits of variation for the enzyme in the uterus 
of the ovariectomizcd mouse arc gix cn in the foot-note for Table III 

OISCOSSION 

Glucuronide formation has generally been considered a piocess of de- 
toxjcation,” since it has been observed most frequently in connection 
i\ith the administration of drugs and other substances foreign to the body 
However, this term, with its pharmacological connotation, cannot be 
apphed properly to the formation of estnol and piegnanediol glucuronides 
tQ pregnancy It is proposed that glucuiomde formation m all cases be 
regarded as one of the processes of "metabohe conjugation,” other ex- 
amples would mclude conjugation xvith glycine, sulfate, and acetate The 
biological purpose of such reactions should be settled m each instance on 
the basis of the available evidence, and not arrived at by analogy 
|3-Glucuromdase may be mvolved m metabohe conjugation processes 
With glucuromc acid as the conjugatmg substance Thus Fishman (2, ) 
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obseived that glucuromdogemc substances, when fed to dogs and mice, 
mduced an in ci ease m the /3-glucuronidase activity of vanous tissues 
DeMeio and Amolt found that the ability of liver and kidney shoes to 
conjugate phenols was niaikedly mcreased nhen borneol or phenol was 
fed to rats (5) J?? vitro synthesis of glucuiomdes^ from phenol (6) and 

borneol (7) m the presence of glucuionic acid has been observed nith 
punfied spleen glucuronidase (8) and with surviving livei slices (7, 6) 
What is the natuie of the elevation m the activity of glucuronidase, 
whethei m hvei follonmg menthol feedmg oi m uterus subsequent to 
estiogen mjection? Is the actual amount of enzyme increased or maj"^ 
there be mvolved the foimation of an activator oi the removal of inhibitor 
substances’ If the actual amount of enzyme protem is mcreased, then 
this might possibly be an example of the adaptation of enzyme to sub- 
strate, as has been demonstrated foi manj’^ microbial enzymes It is 
true that the amount of utenne nitrogen is increased along with the marked 
elevation of uterme glucuromdase, but it is scarcely to be doubted that 
the greatest portion of the mcrement is the result of tissue growth The 
piopoition of enz 3 Tnic to non-enzjmiic mtrogen is unknown and will be 
difBcult to estmiate The diffeiences in the response of the enzymes of 
liver, kidnej', and spleen on the one liand and the enzyme of the uterus 
on the other may be due to actual differences m tn o enzymes or they maj 
be explamed by mechamcal factors, such as peimeabihty of the cell mem- 
brane to the stimulatmg agent 

It IS impoitant to decide to what extent the elevation m glucuromdase 
IS a specific phj siological response or merely a reflection of the mcieased 
gronth of the uterus stimulated by estrogen If the glucuromdase eleva- 
tion phenomenon is connected with the amount of functionmg piotoplasm, 
it should be quantitatively related to the v eight oi, better, the mtiogcn 
of the utenis and its concentration should not change Howevei, it is 
the concentration of the enzyme winch is so markedly elevated, and from 
an inspection of Tables II and III and Fig 2 it is cleai that the amount 
of tissue per se is not the important factor \\ hich controls the glucuromdase 
response Furthermoie, the duiation of the increase m glucuromdase 
concentiation appears to be related to the duration of estrogen stimulation 
This 1 espouse is elicited nuth amounts of hormone v ithin the phj'siological 
lange Accoidmglj', theie seems to be sufficient evidence to warrant 
tonsidenng the delation in utenne glucuiomdase as a phj’^siological re- 
'^ponse to estrogen 

The h3q)othesi‘5 ma\ therefoie be stated that the physiological sigmficance 

: According to a recent report (Crepj, O , Compl lend Acad , 223, 646 (1946), 
Chem Ahstr , 41, 2143 (1947)), surviving liver slices of rabbit and guinea pig tnrtlro 
conjugate estrone, estradiol, and cstnol with glucuronic acid 
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of the cnrjniic is the byntlicsis of the glucuromdc of the homione as the 
inilnl step in (ho iitiliziilion of the complex bj the tissue Metabolic 
conjug i(ion of ( ho t‘^( rogomc honiionos m ix h.n e far-icadung phj^siological 
ind clinical iinphc.dioiis \s piegnincx proceeds, the excretion of the 
ghiciironido'- of o^-triol iiid piegnincdiol becomes piogiessnely gieatci 
\s curreiith iii(or])rc(c(i, (his issccn is n pi ocoss by n Inch the fetus and the 
bodx arc proto((o(i from the dclctciious efTccts of huge quantities of free 
os(rogcn In mow of tho eoiucpt tint the Inei is the site of inactivation 
of estrogens, one wondei^ win tho utciiis, which is the site of hoimonc 
iction, should ilso be tho site of its imctnation From the exidence 
presented in (his repoit tho opinion can be adianced that glucui onidase 
has a fundimontil r61o in the plnsiologinl action of the estrogenic 
liomiones 


SUMXLARl 

When est logons arc ulministered in physiological amounts to ovanec- 
(omized mice, (here follows an mcrcise m /3-glucuiomdase activity of the 
uterus 'J his cficct is not ipparent in scieial othei tissues studied, even 
■with (he administiation of rehtnch large imounts of estiogen Stil- 
bestrol, an artifitiil estiogen, stimulates uteiine glucuiomdase in the same 
minner as the natiii il estrogens when gnen undei the same conditions 
rcstosteronc propionate docs not antagonize the efiects of estradiol ben- 
zoate m the expenmcntal conditions cniploj'ed It is proposed that P- 
glucuronidasc has a fundament il role in the phj'siological action of the 
estrogenic hoimones and that glucuionidc fonnation be considered a 
pioccss of “metabolic conjugation” rathei than detoxication 

^Varm appreciation is expressed to Di E A Evans, Jr , Di T F Gal- 
lagher, md Dr Kuit Altman for their critical discussions of the papei 
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J nn \S^ VY OF WIM \L 'J ISSUES FOR RESPIRATORY ENZYMES 
\ I 1 bUTHLIf .STM)ILf! 0\ OMDATIVIJ niOSPHORYLATION* 
li\ \ It POTTHR 

(Iron thr Vc\rdlc Mcmnnal I ohoratory, Mcchcnl FichooH, Umicrstty of 
U t'icon’ttn, Madi’tojt) 

(Roctned for publication, Fcbrimrj }, 1947) 

PrcMotm iin O'-lipilor^ of o\idnlivc pliosphoiylation have not been 
conconiccl vilh !in\ qnanlil'itne clifTcrcncos wlncli might e\ist between 
nonnnl and p ilhological ti^'^uc", and \\crc thciefore able to utilize extracts 
of (wbuos 111 tlicir studies; It is probable that the pieparation of such ex- 
tracts iinolird flic icinoial of rclativclj more of the energj’'-depletmg 
cnznnes than of the cncrgi -molnhzing cnzj mes ‘ Although such mampu- 
lations grcatlj fa\or tlio dcmoiwtr itiou of oxidative phosphorvlation, thej’’ 
are not acceptable fiom tlie standpoint of a quantitative tissue assay be- 
cause in unknown fraction of the cnzjmics is necessanl}’^ discaided How- 
ever, lhc=c earlier studies, particulaily those of Ochoa (2, 3), estabhshed 
the components of the icaction mixture and the precautions ivhich need to 
be taken, so that the demonstration of oxidative phosphor 3 dation in kidney 
homogenates (4) was gicatlj' facilitated It w’os subsequently shown (5) 
that homogenates of a xanctj of tissues weie capable of coupling the eneigj’’ 
of oxidation with phosphorjdation Furthennore, the uptake of phosphate 
during short periods of incubation was pioportional to the amounts of tissue 
cmplox'cd There was, thciefore, a sound basis for attempting to develop 
an a'jsaj' s\ stem foi the studj of oxidative pLosphorjdation in tissue homog- 
enates The chief disadvantage of the method as originally described (4) 
"as the technical pioblcm of fractionating the phosphorus of the reaction 
nnxiuros so that the “true” moiganic phosphate could be propeily deter- 
niined, although this was leadilv accomplished wath considerable precision, 
the proceduie was sufficientlj^ tedious to discourage its widespread applica- 
tion, This difficultj'’ has now been eliminated, since the new method for 
the deteiimnation of ”tiaie’^ inorganic phosphate recently pubhshed by 
Lowrj'- and Lopez (6) is particularly well suited for followmg the course 
of phosphate uptake m the reaction mixtures w'hich we emploj’’ A second 

* This work was aided by a grant from the Jonathan Bowman Fund for Cancer 
Research 

' Work in this laboratory by Dr W C Schneider has shown, for example that 
nuclei contain an appreciable fraction of the cellular ATPase and a img igi e 
fraction of the succinic dehydrogenase and cytochrome oxidase, and that t e nuc ci 
are removed from homogenates by centrifuging at moderate speeds (1) 
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ob.ectloa to the pre-^oi = \ o k wcs the use of Suonde One of tne goals 
of the p-esent wk has been the derelopnient of enzyme systems which 
conld je coupler vnth energy-reqiimng svntheses and since fuonde rmght 
a*~ect some Ci tnese reactions adversely - a system which could mamtam 
. denosme nphospbmte f ATP) m the absence of huonde was to b-e de^cred 
Tks aho has been accomph'hed although funher imnrot ements are to be 
e'-pscTcd It IS ’^he pimpo-^ o‘ the present piper to de^ribe on imn’-oved 
r.ei.ho'l lor the stuclv of ovidainc phosphor I-^tton vhicu combine~ the 
pni-cip’es of the homegenne lechnioue v-jtn the aiadalle f >ets on the 
enzvmes of o'ad-'tion and nh<>=p! lation 

KXPEEDIEXT M. 

The D'‘Sic stem wh'ch m e emp’ov is one m which a i erj smnTl quantiti' 
of homogenized tissue t20 to OO mg of wet v e-ght) is placed in a reaction 
mrztiiTe .-Inch ccn'^ains an omoizable subsimte (succinate inala»^c oxal- 
acetate L'ct„tc pvruvate citrate gjutumate or c-ke’^oglutarate'', a com- 
plete In ctrogen transport svstem K-oenzviLe cytochrome c' ana a hi drogen 
"cceptu- 'oxigan' inorzanic phosphate a phosphate accep^O’- (crea- 
nne, uni a phomnatc cawter ‘ \TP) Tl’e ovigen uptake ’s reaaili 
measured on a com ent oiud Warburg apparatus and the phosphate uptake 
15 measttma ba d'^temuiunz true momanit nhosph'’te m the reaction 
mncuires at zero tune and ntc’- a period of mcub'^tion In the prencus 
work it was tn 15' thr t the morgamc phosphate winch disappeared could 

be exactlv a^conn'^ed for “’s the increase in phosphocreatme if apprepnate 
amounts of creatme tmnsphosphoii lase were added However, m the 
lanouS tL=s' es srjdied the morgarac phosphate which disappeared was 
either gre' ter or Ics^ th m the phosnhocrcatine which was formed depending 
upon the t Ssae used In all cases except Inmr i substantial fracticn of the 
Doimd pnosphate was in the >'orm of phcsphccreatme and thus the main 
analyticH prob’em is to d'stmgiash phosphocreatme from morgamc phos- 
phate In the Fiske-Subbarow method (S) the phosnhocrcatine is hvdro- 
I\ zed too rapid'v cy the molvbdic acid to b° eTectii eh dirtmgmshed from 
morg..nic ptosplu’te and the compounds had to l>e senamted In precip- 
itating tl e moigaruc pLo^^hate mth calciiun (4, 9) 

In tne Lowiy-Lopez method for morgamc pbo==phate (6) the conthnocs 
established by Iiske and Subbarow tS 9) hai e been modified m several 
respects The cTI was shuted from 0 65 to 4 0 the molvlxlate concentra- 
tion was rethu^l from 0.23 to 0 lOpercent and ascorbic acic* (10) wasused 
as the re^’Lc.na aacut Tlie data (6) on the c6‘ect of the mohbdate con- 

- Fo" p- v r- plt» --e have ‘^ouaa in unpublished expemnents tha* Suonde concen- 
vr>t DUS as lov as 0 (XXjo v will p-event tne \TP-catalyred oxioation of octanoic 
ac d 
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ccntnlion bhow 111 it .1 ‘^lill lowci inoljbd.itc conccntiation, 0 05 per cent, 
gi\cs muMinuni coloi (lo\ clopincnl Milli nioiganic pliobphatc at 10 minutes 
and dino'^1 negligible 1 Ucb of coloi dmelopmcnt iiUh pliosphocreatine, 
acchl plio'-pliite, 01 iibo^e-l-pliosplnlc While the use of 0 10 pei cent 
inohbd'ite piobabh ficililates c\ti ipolition to /eio time to obtain the 
line iiiorpiii'L plio'plnte, i\c picfci the loiici concentiation, since under 
om condiliotiK tlu e\(i ijin] ifioii la geneialh unnecc^aan , as will be shown 
llie cmlI luotcduie is gi\cii below 

MiOicd fo) "Tine'’ Inouirujc Pho In om picMous woik on o\ida- 

ti\c plio^plioix 1 ilioii ( 1 , j) the iibuig flaaks wcio chilled, and to the 
contcnt‘5 (3 0 ml ) wcie added 2 0 ml of 17 5 pei cent cold tiichloioacetic 
aud to pi\ e a final concentration of 7 pei cent of the acid Plus procedure 
was continued m the prc'jont woik but 111 aliquot of 0 10 ml of the acid 
prolcm-frce filti''lc Iws been anahred diicctb foi inoigamc phosphate be 
the Low ij -Lope method (0) as followb Vn acetate buffci is piepaied m 
such a mannei that the sample of atid hltiato plus the buffei occupa 
a \ olume of 2 5 ml md h Wu a pll of 1 2 Tliib buffci consists of 44 ml of 
0 5 m sodium acet itc, !0 ml of 1 0 m icctic uid, and w atei to gn e a a olume 
of 4S0 ml Coloi imctoi tubes 13 X 100 mm cont lining 2 4 ml of the 
buffer are picpaicd in 'diancc, with a blank containing 2 5 ml of buffei 
Duplicate 0 10 ml alupiots fiom the piolem-ficc liltiateo aie added to the 
colorimeter tubes, followed by 0 25 ml of fieshh picpiied 1 pei cent ascoi- 
bic acid and 0 25 ml of 0 5 pei cent ammonium mob^bdate m 0 05 n 
H:SO< The latter icagcuts aie also added to the blank The molybdate 
IS added at 30 second intci vals and the tube contents aie mixed by shaking 
Ihe color is allowed to develop 10 minutes and the optical densitjf is meas- 
ured at the chosen wave-length (GGOO V m the piesent woik) on the photo- 
electric spectiophotomctci (Ccnco-Sheard) at the same time mteiwal for 
each tube In oui case, the optical density multiplied 1110 giv'es the 
nucrograms of inoigamc phosphate per Waiburg flask 

Stahihly of Bound Phosphate — At twm points m the analysis it is important 
to know the stability of the phosphate compounds formed bj oxidative 
phosphorylation 

After the leactiou m the Waibuig flask has been stopped with tnchloio- 
ecetic acid, theie is neccssaiily a lapse of time wlule the tubes aie bemg 
centrifuged and the samples aie bemg pipetted, since m the usual expen- 
lUent sixteen to eighteen flasks arc used It is thus important to know 
'vhether the bound phosphate is libeiated bj the tnchloioacetic acid during 
this time A numbei of piehmmaiy tiials showed no significant loss m 
bound phosphate m tnchloioacetic acid m penods of fiom 2 to 3 hours at 
0° Experiments weie theiefoie raiucd out foi moie extended penods 
of time and are icpoited m Table I In ordci to demonstiate the c' cellent 
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the -AP \aluc was only about oue-half as greit as the anatyses by the 
Lowt ^ -Lopez method The difTercnce indicated that not all of the esten- 
fied phosphate was in the form of phosphocieatinc, since the Fiske- 
Subbaiow method as used determined the sum of inorganic phosphate plus 
phosphocicatme 

Fiuthcr e\adcncc on this point was obtained bi using both methods to 
detemnne the AP when cieatmc was piesent or absent fioni the ongmal 
icactiou mixtuie The data aic gu en in Table III It was found that the 
presence of creatine ga\ c no inciease in the AP \ aluc when measuicd bi the 
Fishc-Subbaiow method, whcieas the estenfied phosphate mereased bi 
63 ') when deteimnied ba the Lowtj -Lopez method The difteicnce bc- 
( w eon { he AP a allies b\ the t w o methods w hen ci eatme w as not added ma% 

T\ble III 

hfftcl of Crcalirc on Phosphalc Lpiali. 

Simiilcs t iken from trichloroacetic acid filtrates from cnzjnic e\penments carried 
out with and without crcatinc Reaction components as m (5) with kmnej and 
succinate Comparison of phosphate methods Each figure is the aienge of two 
flasks 


Mclhod ol anal} «is ' 

1 

CreaUae tadilioa | 

Fla't conleat* i 
0 tain 

FLsV cen cats 

-ATj-m 



yP 



Low rj -Lopez 

Koue 

352 

* 2S0 

o2 

(direct) 

30 


1 -IT 

115 

Fiskc Subbarow 

i None 

320 

! i 

o2 

(dircctt 

30 

i 




be due m part to endogenous phosphate acceptoi's wath esters labile to the 
Fiske-Stibbarow procedure 

rtathci Comparison of Phosphate Melhods — ^As a final piool oi the vahditj 
of the new method, data obtained by the direct analj-sis of trichloroacetic 
acid filtrates be the Lowa-j -Lopez method were eompaied with data ob- 
tained on the same filtrates wath the Fiske-3ubbaroi« method lollowang 
fiaction^tion be calcium precipitation, as in the carliei woik ^4 9) The 
data aie sliowai in Table l^' It is cleai that as far as the disippeamnce ol 
moignuc phosphate was concerned the two methods aaeldcd results that 
were piacticallv identical Tlie absolute difteiencc between the two 
methods was onh 10 a m 330 a and this maj represent a loss of phosphate 
in the additional mampiiFtions of the mdiiect Fiske-Subbaiow method 
For most woik, the measurement of the AP by means of the dnect Lowtj’- 
Lopez method is obaaoiislj the method of choiic For more 
foi-mation the calcium fractionation can be used as pienoush described (4) 
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Components of Reaction Itfixturc — As a lesult of the pievious work (4) 
vnd subsequent experience, tlie general principle of using low substrate 
concentrations h is been e‘-tabhslictl It appears that the substrate con- 
centration should be lower tlinii the amount icquircd to satiiiate the oxida- 
ti\cs\ stem This is in contrast to the work on the oxidatn e systems alone, 
in which xen high lex els of siucinitc (12) oi malate (13) w^ere employed 
In tlic eases cited, the final substiate conccntiation was 0 05 M In the 

Tabll It 

Compan'^on of Methods for Dctcrminahon of "True" Inorganic Phosphate 
The SIX cxpcnincnts were run with the reaction media \aried in such a way that 
the incubated flasks would contain inorganic phosphate and phosphocreatine in 
xarjing proportions within the ringc of values usuallj encountered Each ex- 
periment was carried out in duplicate and the same enzjme preparation was used 
throughout All of the flasks theoretically had identical amounts of inorganic 
phospliate at rero time and the variation among the zero flasks represents the ex- 
perimental error of e icli method The Low rj Lopez method w as emploj ed directlj , 
as described in the text, while the I iskc Subbarow method was applied to the calcium 
precipitates after separation from phosphocreatine (4, 9) The analyses by the 
Tiske Subbarow method were kindlj performed by Mr Harlan L Klug See the text 


Eipcnmtnt No 

True jnorganjc phosphate per flask j 

— AP 0 -.O 

At 0 mm 1 

After 20 min incubation 

Lorr> 

Lopez 

Fiske 

Subbarow ' 

Lo^ry- 

Lopez 

Fiske 

t Subbarow 

I^wry 

Lopez 

Fiske 

Subbarow 


1 

y 

1 

y 1 

T 

r 

y 

y 

1 

334 

328 1 

205 

203 

135 

127 

2 

343 

334 

286 

277 

54 

53 

3 

336 

328 

232 

224 

108 

106 

4 

343 

326 

231 

230 

109 

100 

5 

346 

335 

243 

236 

97 

94 

6 

340 

331 

300 

288 

40 

42 


340 

330 






oxidatix'e phosphorylation studies, the amount of the oxidizable substrate 
bas been 4 X 10“^ ai or less The reason that the low substi ate concentra- 
tion yields better net phosphate uptake is believed to be the occurrence of 
geneial reactions of the type as pieviously suggested (4, 5) This concept 

(1) ATP -b oxidizable substrate ADP -f- phosphorylated substrate 

(2) Phosphorylated substrate oxidizable substrate -b inorganic phosphate 

has also been used by Uttei and Wood (14) in connection wnth their^ex- 
penments on COo fixation In their work the “oxidizable substiate in 
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reactions (1) and (2) above was pyruvate We have data to indicate that 
this IS a geneial reaction which results in a “leak” of high encigi’^ phosphate 
fiom the ATP resen'oir back to the inorganic level, and that the extent of 
the leak depends upon the nature and quantity of the substrate present 

The reaction mixtuie previously developed (4) has been changed slightly 
and the present system is reported here The complete reaction mixture 
consists of the follovung components, lolnch me added %n the aider given 
30 mg of dry creatme hjdrate, watei to make a final volume of 3 0 ml , 
0 20 ml of 0 5 M KCl, 0 30 ml of 0 10 m MgCb, 0 20 ml of 0 133 m Na ATP, 
pH 7 5, 0 30 ml of m/30 sodium phosphate, pH 7 5, standardized to contain 
exactlj" 310 7 of P, 0 10 ml of 4 X 10~' m cj tochrome c, 0 30 ml of 0 04 m 
sodium succinate, pH 7 5, 0 1 to 0 60 ml of any additional cofactoi 01 in- 
hibitor undei study, 0 20 ml of 0 20 m NaF, and 0 20 or 0 30 ml of a fieshly 
prepared 10 per cent rvater homogenate of lat kidney The center cup 
contains 0 2 ml of 2 n NaOH plus filtei papei Precautions to insure speed 
and cold (4) are followed The flasks aie placed m cracked ice just before 
the homogenate is prepaied, and the reaction is begun by transferring the 
flasks from the ice to the 38° bath With malate and lactate the complete 
leaction mixture includes 0 1 ml of a 1 pei cent solution of DPN^ (about 60 
)er cent assay) at pH 7 2 The follomng section deals with the fluoiide 
addition 

Piecauhons in Use of Fluoride — In the couise of some work on inhibitois 
it was noted that the extent of “inhibition’ was correlated with the \ olume 
of inhibitor solution Tins n as ti aced to the incompatibility of the Mg and 

the fluonde It was found that, vhen the fliionde addition was delaj'^ed 
until just before the addition of the homogenate, no precipitation occurred, 
but that when the fluonde v as added earhei it formed a precipitate with 
the Mg++ This piecipitate did not redissolve when the volume reached 
3 0 ml This point is so important that the quantitative aspect of the effect 
IS reported m Table Y It is cleai that the later addition of fluonde is 
mandatoiy and that the vater should be added pnor to the fluonde, as 
suggested m the pieceding section The amounts of fluoride and mag- 
nesium to be added aie intei related, and the amounts lecommended in the 
preceding section aie based upon expenments m which both were \aried 
As shown m Table V, the use of the Ion ei level of fluoride made the artifact 
negligible at certain concentrations but more pronounced at others The 
fact that a second portion of as much as 1 0 ml of n atei could be added 
vathoiit altenng the result, proraded that the fluonde was added last, shows 
thatranations m the volume of the other components or inhibitors can be 
safely carried out v it Inn this range 

Piecauhons against Use of Calcium— Ochoa (2) had suggested that the 
beneficial effect of fluonde in improving the net vield of estenfied phosphate 
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might be due to the piec ipilalion of c dcium ions, w Inch actn ate adenosine- 
(iiphosphatasc (ATPasc) in a vaiicfv of tissues (15) Since magnesium 
and fluoiidc ions can cocvist in (he leaction mixtuic at a much higher con- 
cenliation than the solubility of MgPs Mould indicate, it Mas of inteiest to 
delei mine m hat (he elTccL of added calcium m oiild be This type of experi- 
ment foi-ms the prototype of tests of aaiious inhibitois, and is repoited 
graplucall} in Fig 1 In (Ins figuic, the calcium concenti ation is stated 
111 mg pel 100 ml as mcU as molaiit 3 ’’ to facilitate corapaiison iiith the 
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Precautions in Use of Fluoiidc 

Ihe usual reaction mixture (see the section on “Components of reaction mixture”) 
ms cmplojcd, but, instead of the addition of the rcnctants in the order given, the 
MgCl" ind the Knl'' were allowed to mix m fluid volumes var 3 mg from 0 9 to 2 8 ml 
111 dtering the order of adding the reactants The order of adding the reactants was 
as guen in the text, except th it the water was added in tw o portions, with the second 
portion added to simulate the addition of an inhibitor The fluoride was added 
cither after the MgCl or after the second water addition The final volume was 
3 0 ml 111 all cases The results are reported as micrograms of inorganic phosphate 
iiptal c per flask 


Inorgamc phosphate taken up 2nd addition of water 


1 luoride fiddilion 



00 ml 

0 3 ml 

0 6 ml 

I 0 ml 


V P 

ml' 

7 P 

mf 

7 p 

ml' 

7 p 

ml* 

02nil 0 25 M >«al added after 
MgCl addition 

78 

1 9 

55 

1 c 

48 

1 3 

30 

0 9 

0 I ml fluoride added us 
above 

74 

1 9 

68 

1 6 

73 

13 

8 

0 9 

0 2 ml fluoride added after 
2nd addition of water 

77 

2 8 

72 

2 8 

72 

2 8 

72 

2 8 


* The figures represent the volume of fluid present when the fluoride was added to 
the mixture that included magnesium ions 


calcium content of blood seium It is evident that concenti ations one- 
tenth as high as the serum calcium are very deleterious, Mobile much lover 
concentrations produce noticeable effects In the case of the succinate 
sj^stem the decrease m phosphate uptake is almost completely accounted for 
by the mcieased ATP bieakdoMTi, as is shoMm the “no substrate” 
contiol cuive, but m the oxalacetate sj’^stem the decrease in yield is 3^613 
striking and is not explained by the rate of ATP breakdoMm Further- 
moie, the oxidation of oxalacetate is decieased by the piesence of calcium 
10ns, in contrast to the oxidation of succinate, M’lnch Mas unaffected in this 
system Previous M^ork (4) indicated that succinate probablv does not 
participate in reactions of the ts^pes shovn by equations (1) and (2) to a 
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Significant extent The mechanism of the calcium effect in the oxalacetate 
system is unknon-n, but it may involve reactions of the type shoim in 
equations (1) and (2) above The increased decarboxydation of oxalacetic 
acid vhich is caused by calcium ions mav be involved, but this explanation 
IS T\ eakened by the fact that the rate of oxj'gen uptake is but slightly di- 
mimshed by decreases in the substrate concentration (4) Furthermore, 
a number of other inhibitors have been shown to mhibit the oxalacetate 
sy'stem much more than the succinate sj'stem (to be published) Regard- 
less of the mechanism, it is clear that calcium ions should be eliminated 



Fio 1 The effect of calcium ions on oxidative phosphorjlation obtained v\ith 
nater homogenates of rat kidne3 The reaction mixture is described in the text, 
incubation time, 20 minutes O (dash line), inorganic phosphate (no substrate), 
X (dash line), phosphocrcatine (no substrate), O (solid line), inorganic phosphate 
(substrate present, succinate or oxalacetate), X (solid line), phosphocrcatine (sub- 
strate present), □, 0x3 gen uptake (on succinate or oxalacetate) 

from the reaction medium as well as fiom any inliibitoi solutions which 
might be studied 

Summation of Oxidahvc Phosphorylahoni — In a recent paper on the 
malic deln drogenase system (13) it was showTi that tissue homogenates 
require the addition of considerable amounts of DPN m order to obtain 
effcctn e oxadation of malate Combinations of malate, DPN, and succin- 
ate were therefore studied m the oxidatne phosphorylation system, as is 
shown m lablc VI It was found that malate additions decreased the 
phosphate uptake caused by succinate oxidation, while the addition of 
X)P^ to the succinate sy stem produced a marked increase in the phosphate 
uptake wath but little increase in the oxx gen uptake It w ould appear tbit 
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the DPN stimulated the oxidation of malate fonned from succinate and 
that increased amounts of malate were supcifluous as far as the oxidation 
was concerned, and detrimental to phosphate uptake by some such mech- 
anism as proposed in equations (1) and (2) above In contrast to malate, 
lactate gn\e an increased late of oxygen uptake and a slight increase m 
phosphate uptake The explanation of the summation observed with 
lactate and succinate and the lack of summation obseiwed with malate and 


Table VI 

Siimmalton of Oxtdaltic Phosphorylations 
]]ach flask contained the reaction system described in the text, with 0 30 ml of a 
10 per cent water homogenate of ratkidnej TheAPo-jo refers to the difference in 
inorganic phosphorus at 20 minutes compared with a zero control containing an 
identical reaction mixture 


Additions 

APo- 0 1 

0 per 10 mm 

DPN 

Mahlc 

Succinate 

Lactate 


1 



y 

ml 

— 

— 

— 

— 

+14 

9 3 



— 

— 

-51 

15 8 

— 

+ 

— 

— 

-55 

29 6 


— 

+ 

— 

-96 

43 8 


+ 

+ 

— 

-74 

40 1 

+ 

+ 

— 

— 

-121 

41 8 

+ 

— 

+ 

- 

-179 

49 6 


+ 

+ 

— 

-138 

49 6 

_ 

_ 



— 

+15 

4 6 

4" 



! — 

— 

-20 

14 7 


+ 


— 

-60 

30 1 




+ 

— 

-98 

44 0 





4" 

-24 

t 18 0 

+ 

+ 

— 

— 

1 -94 

43 8 

+ 



+ 

— 

-137 

49 0 

+ 


— 

4~ 

-89 

37 0 

+ ' 

- 

+ . 

+ 

[ -146 

! 60 6 

1 


succinate may be that malate is fonned fiom succinate, while lactate is 
not so directly related Thus, wath succinate plus DPN there w as piobably 
summation botw'een malate and succinate oxidation The malate data 
leemphasize the ihipoitance of using a low substrate concentration 
Phosphorylahon in Absence of Fluoitde The summation expenments 
suggested the iiossibihty of attempting to maintain the ATP reservoir bj 
means of a combination of oxidizable substrates It seems probable that 
in a w'hole homogenate many of the enzjones w'hich deplete the ATP resei - 
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■\ou maj opeiate ume«tiamed by the mechanism‘; which control the use 
of ATP m the intact cell It is unieasonable to expect a single channel of 
oxidative phosphoiylation to keep pace wnth this uniestrained depletion, 
but by using a combination of oxidizable substiates one might expect to 
be able to brmg into play a numbei of the oxidative s 3 '^stems wluch are 
capable of replenishing the ATP icsenmir and thus to take up moiganic 
phosphate as i apidly as ATP is dephosphorjdated The present w ork dealt 
m terms of the components of the Krebs cycle It ivas knomi fiom our 
prcMous study that m order to get effectne phosphoiylation most sub- 
strates have to be used at low concentiations (4), possibly because of 
leactions of the type shown m equation (1) above It was also indicated 
that the caibonyl compound depleted the ATP resen oir to a greater extent 
than the coriespondmg hydroxy compound wnth the oxalacetatc-malate 
pair of substrates Potter and Schneider (unpublished) ha\e also found 
that pymvatc and a-kctoglutaiate tend to deplete the ATP leseiwoii 
Since it seems desirable to add oxalacetate, pyruvate, and a-ketoglutai ate 
m small amounts to a^ oid the “leak effect,” and since they can be foiired 
readily m the reaction mixture from malate, lactate, and glutamate, the 
latter compounds arc more desirable additions for the present purpose 
Since it was shown abo\ e (Table VI) that succinate plus DPN w as supeiior 
to sucemate plus malate plus DPN, sucemate was used as a substrate and 
malate was omitted Attempts to use citrate to complete the full utiliza- 
tion of the I&ebs ejele by conversion to isocitrate were unsuccessful, and 
the final mixture of substrates included only succinate, lactate, and gluta- 
mate Tire reactions set in motion by these additions are readily expressed 
m terms of the &ebs cycle (16) Glucose was added to proinde an addi- 
tional outlet for ATP and to provide, if possible, a continuing source of 
substrates for the ICrebs cycle, but the data thus far have not indicated that 
the glucose is beneficial Since one objectnc of this woik is the recon- 
struction of the total system (see below), glucose was retained m the mix- 
ture The nature of the data is such that the course of the expenmenl 
can best be pictured by plotting the change m the morgamc phosphate 
concentration with time Data obtained wuth two different homogenates 
are shown m Fig 2 to illustrate the precision of single cxiieriments and the 
manner m which ^a^atl on in the homogenates affects oxidation and phos- 
phorjlation In each case, kidnej was the tissue emplo^ed Changes in 
the concentration of inorganic phosphate during a 30 minute incubation 
penod are shown wath four different reaction mixtures three substrates 
present ± fluonde (Cun es GSF and GS) and three substrates omitted 
± fluonde (Cun^s GF and G) Thus there are four cun es for each of 
two lats and a pair of cunes for each of the foui expenmental set-ups, 
while each cune consists of data from four flasks containing identical re- 
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action mi\turcs with the reictions stopped at 0, 10, 20, and 30 minutes 
ic‘'i)octiveh b\ (lie addition of tnchloioacetic acid Each point on the 
liliosplnte ciiivcs rcpicscnts diiphcatc analj’^scs on a single flask, while the 
o\\gen uptake dat i icpicsent the a\eragc of the manometei leadings on 
all the fl isks up to the time th it thev weie taken off foi phosphate analysis 
Foi e icli pan of ciiivcs, the upper (iiive (X) lepiesents data from an older 




Fig 2 The changes m inorganic pliosphate concentration and the o-^ygen uptake 
obtained with 0 2 ml of a 10 per cent water homogenate of rat kidney The reaction 
mixture is as in the text, including DPN, but with variations in the substrate and 
fluoride as follows Curies G, 6 nig of glucose per flask, Curves GF, the same as 
Cur\ es G but with 0 2 ml of 0 2 xr sodium fluoride, Curves GS, the same as Curves G 
but with succinate, lactate, and glutamate each added as 0 1 ml of 0 04 m solution, 
Curves GSF, the same as Curves GS but with fluoride as in Curves GF The dash 
line represents the original inorganic phosphate concentration in all flasks, the 
dotted line, the sum of the original inorganic phosphate plus the high energ\ 
phosphate of the added \TP The curves represent single experiments with two 
different rats, 0 = rat 2 months old, X = rat 8 months old 


rat (8 months) and the lowei cun'c (O) repiesents data fiom a youngci 
lat (2 months) The significance of this consistent lelationship lies in 
the fact that the cm ves aie the result of enzyme systems w'hich act in oppo- 
site directions w ith respect to ATP synthesis and bieakdow n, and the low ei 
any cm ve falls the gieatei is the effect of the enei gy -mobilizing (phosphate- 
binding) enzj'mes, as compared to the effect of the energy-depleting (de- 
phosphoiyhting) enzymes The phosphate-binding system wns relatu eh 
more active in the tissue fiom the vounger lat in this mstance The oppos- 
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mg systems vary independently and the same plan of experunent is appli- 
cable to the study of accessoiy factors winch unproi e the relative position 
of the phosphate-bindmg systems, oi to the action of drugs or inhibitors 
which may increase the rate of phosphate breakdown lelative to the rate 
of phosphate uptake 

In all of the reaction mixtures the variations did not affect the morgamc 
phosphate in the flasks taken at zeio time and a horizontal bioken line 
through the giaph indicates this origmal level of inorganic phosphate (about 
340 7 of phosphate per flask) as a base hne foi companson with the changes 
produced by incubation This line is based on actual detemunation of the 
morgamc phosphate levels m the eight experimental leaction mixtures 
A second reference Ime is the dotted Ime at about the 505 7 level This 
hne IS based on the sum of the actual original morgamc phosphate plus the 
theoretical amount of phosphate which could be hberated from the added 
ATP if both of the high energy phosphate groups were spht off 

The data shov that the rate of oxidation when glucose alone was piesent 
was veiy low m companson to the late attained when the three substrates 
of the Krebs cycle were added Wlien glucose and fluonde (Curves GF) 
veie present, the exj^gen uptake uas \eiy pool, but the ATPase vas in- 
hibited by the fluonde and the ATP was therefore not hydrolyzed, the 
morgamc phosphate concentration lemamed constant When glucose 
was present ivithout fluonde (Curves G) the oxygen uptake impioved 
shghtly, but the ATPase ivas unrestramed by the fluonde and the ATP was 
qmckly hydrolyzed to the lei el conespondmg to adenyhc acid 

When the three substrates (lactate, glutamate, and succmate) vere 
present m addition to glucose and fluonde (Curves GSF), vigorous oxygen 
uptake occurred and the moigamc phosphate level dropped rapidly mth 
tune as oxidative phosphorylation proceeded, mth the ATP breakdown 
inhibited by fluonde When fluonde was omitted (Curves GS), the oxida- 
tion late was greater but the vigorous uptake of inorganic phosphate was 
opposed by a somewhat moie vigorous ATP breakdown, since the ATPase 
was unrestramed m the absence of fluonde This is the expenmental 
set-up which is most sensitive to changes m the reaction rmxture and it is 
this pair of cunms which shows the greatest dispanty between the two 
rats Only m the case of the youngei lat was it possible for the oxidative 
phosphorylation to keep pace -with the ATP breakdown and to maintain 
the ATP reservoir, and even m this case the balance had defimtely shifted 
m fax or of the ATP breakdown vathm 20 mmutes This was correlated 
vath a decreased rate of oxidation winch may reflect an accumulation of 
keto acids This reaction mixture is the best that we have been able to 
devise for the testmg of reactions which simulate ATPase (c g reaction 
(1) + (2)) m tbe absence of fluonde In this system, the addition of sub- 
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stralcs sufficient to saturate completely the ondatne mechanism results in a 
decreased yield of net phosphate uptake Tins \\ e interpiet in teirns of reac- 
tions ( 1 ) and ( 2 ), and since o\alacetate is more active m this respect than 
malate (4), anv failure to metabolize the keto acids v ill cause their accumu- 
lation and vill accelerate the “leak” of phosphate from ATP back to the 
inorganic phosphate level The si'stem can theiefore be adapted to the 
search for the factors necessai^' for the oxidation of these keto acids or 
for the studv of inhibitors of the transphosphorjdases It is clear that 
anj compound vliich can substitute foi “oxidizable substiate” in equation 
(1) b^ reacting mtli ATP to give a phosphoiylated compound nhich 
can be readily hj'drolyzed mil have the effect of strongl}’’ “inhibiting” 
phosphate uptake bj piondmg an auxiliary reaction which vull simulate 
ATPase Furthermore, any functional type of leaction m which ATP 
energjMS utilized vould simulate ATPase For example, if acetate and 
cholmc v ere added to such a sj'stem m the presence of cholme acetylase, 
an incrca'^cd output of inorganic phosphate should result If the functional 
enzymes can be prepared free from ATPase, the piesent reaction mixture 
can be bj^-passed and pui c ATP substituted for the sj^stem vhich mamtams 
It, but otherwise it is clear that the ATP will be depleted rapidly (Curves 
G) The problem is simplified if the functional enzyme is insensitive to 
fluonde, since the oxidatn^e phosphorylation system is relatively insensi- 
tive to it, at the 10 minute point. Curves G minus Curves GS are approxi- 
mately equal to Curves GF minus Ciuves GSF Since it cannot be as- 
sumed that the functional enzymes will be insensitive to fluonde and since 
the preliminary work must in all hkehhood be done with crude prepaia- 
tions contaming ATPase, the development of systems capable of main- 
taimng the ATP reservoii even for short penods of tune (Curve GS, 
lower line) is an essential step in the development of reaction systems 
which utilize ATP eneigy for purposes of synthesis Meanwhile, further 
improvements in the system should prolong the penod during which the 
ATP reservoir can be maintained (see below) 

Glycolytic Enzyme Complex— The data in Fig 2 show that when glucose 
was the sole oxidizable substrate httle oxidation or phosphate uptake oc- 
curred, m spite of the fact that ATP, DPN, and cytochrome c were present 
Since glucose would have to be converted to hexose diphosphate (HDP) 
before being oxidized (assuming the hexose monophosphate shunt (16) 
to be inoperative m the absence of added tnphosphopyndine nucleotide), 
the first addition to the system was H DP Using i eaction mixtures analo- 
gous to those for Curves G and GF in Fig 2, ue determmed the effect 
of adding hexose diphosphate at a final concentration of 0 004 m This 
resulted in a vigorous oxygen uptake which was only shghtly inhibited 63 ’’ 
fluonde In the presence of fluonde, phosphate uptake occurred only 
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during the fiist 10 minutes and then remained stationary In the absence 
of fluonde the rate of inorgamc phosphate output paralleled Curves G 
in Fig 2 for the first 10 minutes and then contmued at the same late for 
the entire 30 mmutes, instead of levehng off at the ATP plateau m 10 to 
20 mmutes Thus HDP was \ngorously dephosphorjdated in the absence 
of fluonde The results vnth HDP (Table VII) shov ed conclusively that 
the low rate of oxidation observed mth glucose alone (Curpe G, Fig 2) 
was due to an inadequate conversion of glucose to HDP rathei than to an 
inabihty to oxidize HDP Excellent vork oP glycolysis m hmn homoge- 
nates had been done by Utter, Reiner, and Wood (17, 18), who also found 
that HDP could not be supplanted by glucose plus ATP They used 
anaerobic conditions and a bicarbonate buffer Rackei and Knmskj 
(19, 20) have also made miportant contnbutions to the study of glycolysis 
m bram homogenates, and the low metabolism of glucose as compared 

Tabee VII 


Oxidation of Glucose Compared with Hexose Diphosphate 
Reaction mixture as indicated in Fig 2, except that sodium hexose diphosphate 
at a final concentration of 0 004 m vras added as indicated 


\ddiUon ' 

j 0 uptake per 20 mm 

I W ith fluoride 

Without fluonde 

Glucose 

1 microhfers 

. 9 4 

mcroUUrf 

9 2 

“ + hexose diphosphate 1 

31 3 

42 9 


mth HDP which was obseived by us and by Utter el al may be explained 
by^ the finding (19) that sodium ions inhibited the glycolysis of glucose 
but not the glycolysis of glucose-6-phosphate, fnictose-G-phosphate, oi 
HDP Rackei and IDimsky suggested that sodium ions might act hi 
inhibitmg the phosphorylation of glucose, yet the test systems employed 
for the assay of hexokmase have consisted of sodium salts (21, 22) The 
explanation is also complicated by' the observ'ation that phosphocreatme 
neutialized the sodium effect (19) A multiplicity of factors influencing 
the hexokmase reaction has been repoited by the Con gioup and include 
reduced DPN (23), guanme (24), and msuhn (25) Vlietliei the'^e factors 
are limiting in a fresh homogenate remains to be seen 
For the present, w e have circumvented the hexokmase leaction b\ using 
HDP as the startmg point for glycolysis, which has been studied m tenn‘= 
of the oxygen uptake resultmg from the oxidative step Rackei and Ki im- 
sky (19) had obtained the oxygen uptake m a smular sy'stem but had not 
added cvtochrome c to complete the hydrogen transport system We 
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observed marked stimul ition of ovv'gen uptake by the addition of cyto- 
chrome r and found that the amount ne had pieviously established foi the 
Krcb‘5 o\iditioiis was an appiopiiate level (Table VIII) Confi rmin g 
the icsults of l?nckei and Kiimskj', we found that acid production due to 
glvcolysis quicki}' loners the pH to below the optimum, and, like them, 
we lune been able to contiol the pH b3’’ adding bicarbonate It was 

Table VIII 

Effect of Cytochrome c on Hexosc Diphosphate Oxidation 
Conditions as in Table VII, except that 0 2 ml of 0 1 m sodium bicarbonate was 
added and 0 3 ml of kidney homogenate was used Glucose, HOP, and fluoride 
were present Phosphate and cytochrome c varied as shown Oxygen uptake in 
20 minutes 


1 

Addition, M/^0 p!io‘;phatc j 

1 X 10*< M cytochrome c per flask 

None 

0 I ml 

0 4 ml 

ml 

nticrolttcrs 0 

mtCTolxicrs 0 

microUiers 0 

0 1 

36 5 1 

56 0 

56 6 

0 6 

46 4 

' 

78 4 

i 86 6 

1 


Table I\ 

Effect of hodiuiii Bicarbonate on Hexose Diphosphate Oxidation 
Conditions as in Table \ II, except is otheiwiso indicated Glucose, HDP, and 
fluoride were present in all flasks 


Experi 1 

Homo- ! 

Pho< 



0 1 M sodium bicarbonate per flask 



No 

Kenatc 

phale 


0 i ml 

1 02ml 

[ 0 3 ml 

0 4 ml 

1 0 5 ml 

1 1 0 ml 


ml 

ml 

microlxtcTs 
' 0 

mtCTOhters 

0 

mtcroltfcrsi 
Oi I 

1 m\croIx(ers\ 

microlxters 

0 

^ mterohUrs 
0 

1 microltiers 

1 ^ 

1 

0 3 

0 1 

35 1 


i 



75 3 

65 2 

2 

0 3 

0 6 


71 5 

86 6 

91 6 




3 

0 2 

0 1 

j 


50 7 

53 8 

56 9 



3 

0 2 

0 3 



57 3 

58 8 

57 8 




0 2 

0 6 



64 1 

63 0 

64 5 




found that when the pH was held at 7 3 to 7 fa by means of 0 2 to 0 4 
nil of 0 10 M bicarbonate, the ma\imum stimulation of 0x3 gen uptake 
occmied (Table IX) The bicarbonate addition results m CO2 evolution 
when acid is fonned, and by empiiically® establishing the amount of bicar- 

* If acid is not formed, the reaction becomes alkaline, since the bicarbonate loses 
CO 2 to the center cup (26) The amount of bicarbonate must therefore be controlled 
for each experimental set-up It is clear that the abilitj of bicarbonate to neutralize 
acid IS extremely important in the “stimulation” of respiration (27) and gljcoljsis 
(28) bj this substance 
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bonate it is endently possible to absorb the CO 2 in the center cups as 
lapidly as it is fonned so that the pressuie changes lepresent oxygen up- 
take Other methods of controlling the pH as v ell as the factoi s invoh ed 
in the phosphorjdation of glucose are imder study Hon ever, nnth the 
present system nnth bicaibonate, the ox 3 >-gen uptake on HDP islibout 
equal to the oxj^gen uptake on the three substrates shonm m Fig 2 The 
use of meotmamide to inhibit DPN destmction is very important in brain 
homogenates (17-20) but has little effect on kidney glycolysis, piobabh 
because kidney contains less DPNase (29) 

DISCUSSION 

The results in this paper and the two preceding papers (4, 5) establish 
the fact that it is possible to demonstrate oxidative phosphorjdation in 
homogenates with a vanety of tissues and substrates and provide a basis 
for the use of certam analytical methods, prmciples, and precautions The 
system has been shoivn to be capable of mamtammg the ATP lesenmir 
for some 20 to 30 minutes in the absence of fluonde nnth homogenates of 
rat kidney, and may theiefore be useful for the study of reactions which 
utilize ATP energy as ivell as for the study of the leactions nhich result 
in ATP synthesis It is by no means certain that the optimum quantity 
of essential reactants is established, and possibly there are essential reac- 
tants of unknonm identity 

Attempts have been made to coordinate this work with the studies by 
Utter et al (17, 18) and by Hacker and Knmsky (19, 20) so that the inter- 
play of the glycolytic and oxidative systems can be studied The level 
of morganic phosphate which can be attained by the oxidation of the sub- 
strates m the Krebs cycle is quite low and defimtely falls vithin the range 
which Warburg and Christian found to influence the oxidative step m gly- 
colysis (30) The level of phosphate used in the other studies on glycolysis 
(17-20) was much higher than the levels used in this v ork and certainly 
could not have lumted the rate of glycolysis 

The techniques desenbed in this papei pro^^de a method for evaluating 
the ability of vanous tissues to oxidize different substiates with the pro- 
duction of phosphate bond energy, but the significance of the data cannot 
be mterpreted as an assay of any smgle enzjune for a number of reasons 
The simpler oxidative systems previously studied could be considered as 
havmg only three (12) or five (13) components, and it v as relatively easy 
to saturate each enzyme vath its proper reactant and to decide which bio- 
catalyst vas hmitmg the over-all rate of reaction In the oxidative phos- 
phorylation systems, the number of biocatalysts is much greater, and the 
intermediate steps are not as veil understood In the oxidative systems 
the hydrogen earners (31) have to be in a state of djnamic balance mth 
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an oxidized fraction and a reduced fraction, each present in sufficient 
amounts to saturate a specific rcductant and a specific oxidant, respectively 
Ordinarily this can be accomplished by addmg enough of the earner to 
saturate the enzyme that reacts with the smaller fraction of the carrier 
(12, 13) The situation is evidently analogous in the phosphorylation 
systems to the extent that the phosphate transfer is effected by one oi more 
phosphate carriers (in the present work, ATP) which are in a state of 
dynaimc balance between specific phosphate acceptors and donors But 
the technical problem of establislung the identity of a limiting reaction 
in the coupled oxidative phosphorylation system cannot be solved m a 
manner analogous to that of the hydrogen transport svstem simply by 
idding a saturating amount of substrate (phosphoiylated mtermediate)® 
and phosphate earner, howevei, because of the piesence of phosphatases 
w'hich hjdrolyze the phosphorjdated compounds The fact that these 
compounds can be acted upon by phosphatases as well as by the trans- 
phosphorjdases makes the coupled systems considerably more compheated 
than the simple oxidative systems The hydrolytic reactions constitute 
“leaks” w'hich deciease the yield of transferable lugh energy phosphate 
((4, 5) , see also (14)) It seems likely that %n mvo these leaks are controlled 
either by (1) factors affecting the activity of the phosphatases or (2) by 
keeping the concentration of the phosphoiylated compounds at a level 
that is high enough to react wnth the specific phosphate donois and accep- 
tors, but too low' to react to a very great extent with the phosphatases 
Thus from the techmeal standpoint we aie never able to satuiate completely 
the couphng systems because, as the concentiation of the phosphorylated 
compounds is incieased, the “leaks” increase also The concentrations 
of ATP and oxidizable substrates employed aie therefore a compromise 
and merely lepresent the levels at which the net phosphate uptake appears 
to be the best The use of radioactive phosphorus might permit the meas- 
urement of the absolute rate of uptake 

In a system which includes many enzymes and cofactors an apparent 
lack of activity may be due to the absence of any one of a number of com- 
ponents and IS therefore of httle sigmficance (c/ (17)) However, by 
adding pioper amounts of as manj of the known components as possible, 
one can increase the chances of obtauung measurable activity, and anj' 
actimtv obtamed wall constitute a mimmum value for the concentration 
of the biocatalysts that aie not added in excess 

While the activity obtamed in the present woik cannot be taken as an 
assay of anj' particulai biocatalj st, the numbei of possibilities has been con- 

' The phosphorylated intermediates which are the donors for the transphospho- 
rylation system are the products of oxidations nhich occur in the hydrogen trans 
port system 
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sideiably decreased, and unless an unknoivn cofactor is limiting, it probably 
constitutes a rough measuie of the transphosphorylating enzymes which 
couple oxidation unth phosphorjdation 

SUMMARY 

1 Trichloroacetic acid extracts of reaction mixtures in which enzymatic 
oxidative phosphoiYlation occurred uere analyzed foi “true” inorganic 
phosphate by the direct method of Lowiy and Lopez and by the indirect 
method of Tiske and Subbaiow on fractions in winch the morganic phos- 
phate was separated by calcium precipitation Agi cement between the 
two methods uas excellent and it was concluded that the Lowr 3 ’'-Lopez 
method is suitable for studies on oxidatiye phosphoiylation u hen identifi- 
cation of the compounds containing bound phosphate is not lequiied 

2 In expeiiments in which the bound phosphate was largely accounted 
for as phosphocreatine it vas shown that the bound phosphate was not 
sigmficantly split off in 7 pei cent tnchloioacetic acid extracts at 0° ovei 
a peiiod of seveial hours, winch uas moie than ample time foi the necessary 
manipulations 

3 The components of the leaction mixtuie employed foi the study of 
oxidative phosphorylation m tissue homogenates weie given in detul 
Data shomng the necessity of adding the fluoride last and for avoiding the 
piesence of calcium ions were piesented 

4 By employing se\ eral oxidizable substrates at once it was shomi that 
summation of the several pathways of oxidative phosphorylation could 
be obtained 

5 When succinate, lactate, and glutamate \i eie oxidized in the presence 
of diphosphopyndine nucleotide, homogenates of lat kidney veie able to 
take up inoiganic phosphate as lapidly as adenosine tiiphosphate was 
hydrolyzed, over a peiiod of about 20 mmutes, m the absence of fluoiide 
It was shown that fluonde inhibited ATP breakdown, but not ATP syn- 
thesis, undei these conditions 

6 Glucose was not converted to hexose diphosphate by this system at 
a late vluch would permit the maintenance of the ATP reseivoir by the 
oxidation of HDP When puie HDP was added to the system, a gieatly 
inci eased rate of oxygen uptake ivas obtained and inorganic phosphate 
was esteiified The acidity resulting from glycolj sis m as shov n to inhibit 
the oxj’^gen uptake, and methods of controlhng this acidity v'ere discussed 

This work v as made possible by the availability of supplies of punfied 
adenosine triphosphate, diphosphopyndine nucleotide, and hexose diphos- 
phate, vhich Mere all generously proiided by my colleague, Di G A 
LePage 
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Addc7idu)n — All of the w ork reported in tins paper iv as done with water homog- 
enates because it was thought that isotonic homogenates contained a large propor- 
tion of nholc cells on the basis of the “cytolysis quotient” (7) It has now been 
found that the “cj toljsis quotient” is a measure of the integnty of some subcellular 
eiititj rather than the hole coll, and that our isotomc homogenates contain very fen 
nhole cells Isotonic KCl homogenates of liver mil o\idize ovalacetic acid rapidly 
and mil cstenf3’' inorganic phosphate concormtantlj^, while water homogenates will 
do neither A comparison of wat.^ and isotonic homogenates mth other tissues and 
substrates is being made 
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THE DETERIMINATION OF SERUM MAGNESIUM BY THE 
I^IOLYBDIVANADATE METHOD FOR PHOSPHATE 

By daisy G SBIONSEN, LEOLA M WESTOVER, 
and MAXINE WERTMAN 

(From the Department of Medicine, Sehool of Medicine, University of Southern 
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(Received for publication) March 1, 1947) 

During the past decade theie has been an increasing interest shown m 
the study of electrolyte balance Magnesium, however, has played a 
minor r61e m these studies There aie perhaps two reasons for this, 
first, that serum magnesium levels remam fairly constant and, second, 
that magnesium determmations lequire special technique and equipment 

and are time-consuming procedures as well , , ^ . r 

There have been three major methods used foi the determmation of 
serum magnesium, the molybdenum blue, titan yellow, and hydroxj- 

"^^SMZmrnue-Bnsgs (1) and Denis (2) simultaneously reported 
methods for the determination of serum magnesium based upon the p e- 
cipitation of magnesium as magnesium 

sequent estimation of the phosphate by the molybdenum ^ue method 

The above procedures were employed m this laboiatory 

fications for phosphate determmation used rriPthodvas 

and Youngburg and Youngbuig (4) The molybdenum blue method vas 

abandoned chiefly because of mstability of moTvblvana^date 

discussion of this is given m a publication (5) in u ic e pstunation 

method, as outhned by Kitson and Mellon (6), was used for the estimation 

Titan Yellol— The titan yellow meHod is based “ 
nesium imparts a pink color to an alkaline so u mn o ^ridification of 
clmical method of Hirschfelder and Series (8) and 

Haury (9) were used, but difficulty was encountered ^ ^ ^ 

of pi4 and yellow colors In addition, the coloi vas markedly affected 

by variations m pH (U) „itioduced the use of 

SSL— of 

was f„S — r(I 4 T"L“ 

Greenberg and Mackey (13), and leuii/i \ j nrnrpAuTe in uhich 

the brommation method m favor of a hydrochloric acid 

hydroxyqiimolme combmes with ferric 

39 
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solution to form a blue-gieen coloi IMagnesium hydioxyqumolinate 
consists of such light weight material that it is extremely difficult to handle 
eithei by filtration or centrifugation and special care is necessary to avoid 
loss This was the mam reason for discardmg the method 

In the method devised m this laboratorj’', a seiaim magnesium detenni- 
nation (after removal of the calcium) can be completed m Sf houis Only 
ordmaiy laboratory equipment is required The method is based on the 
followmg prmciple magnesium is precipitated as magnesium ammonium 
phosphate and the phosphate component is estimated by the j^ellov 
coloi produced upon addition of vanadate and motybdate 

Procedwe 

Reagents — 

1 Redistilled vatei (from an all-glass still) oi distilled water known 
to be phosphate-free This watei ivas used for the preparation of 
all reagents 

2 Amm onium oxalate, 4 per cent aqueous solution 

3 Potassium dih 5 ffirogen phosphate, 2 pei cent aqueous solution 

4 Concentrated ammonium hydroxide, redistilled 

5 Nitric acid (1 2), 1 volume of concentrated (ledistilled) nitric acid 
plus 2 volumes of water 

6 Ammonium molybdate, 5 pei cent aqueous solution Do not heat 
above 50° 

7 Acid ammonium vanadate, 0 25 pei tent solution m 1 2 nitric acid 
Dissolve 1 25 gm of ammonium vanadate m appioximatelv 200 ml of 
1 2 nitric acid and heat until solution is complete Allow the mixtuie 
to cool to room temperatuie and make up to a volume of 500 ml with 
1 2 nitric acid 

8 Magnesium wash leagent To 200 ml of 95 pei cent ethyl alcohol, 
add 50 ml of redistilled ammonium hydroxide and make up to a volume 
of 1000 ml wuth water 

9 Phosphate standard Dissolve 0 560 gm of leagent grade potassium 
dihydrogen phosphate (previously dried to constant weight) m ledistiUed 
water and make up to a volume of 1 hter 1 ml of this solution contams 
an amount of phosphorus equivalent to 100 y of magnesium Suitable 
dilute standards (aqueous) are prepared from the stock solution to gn e 
a range of 10 to 80 y of magnesium per ml 

It w'as found necessary to ledistil both the nitric acid and ammonium 
hydroxide, as mvariably stock bottles of eithei of these leagents, even 
though labeled reagent grade, were contammated with phosphate 

The 2 per cent phosphate and magnesium wash leagents were these used 

hv Sober et al (16) 
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ProcaJwcfo) Suinn—Mo.i'.me into a 15 ml giaduated centrifuge tube 
2 ml of unhcmoljved «cnim, add 2 ml of watei and 1 ml of 4 pei cent 
ammonium oxalate (17) j\Ii\ thoiouglily and allow to stand for 2 hours 
Centrifuge for 10 minutes at 2500 to 3500 u p sr Transfei the supei- 
natant fluid to anolliei ccntnfuge tube, being caieful to remove all the 
solution possible uilhout disturbing the precipitate (Seium calcium 
imj be detormmed on the calcium oxalate precipitate by the standaid 
permanganale pioccduic ) To the calcium-free solution add 1 ml of 
2 pet cent jiot issium dihxdiogcn phosphate and mix by agitation or 
swirling Tlicn add 1 ml of conccntiated ammonium hydioxide, mveit, 
shake X igoroush for 30 sccontls, stoppei , and allow to stand for 2 hours 
At the end of tins pciiod the magnesium has been precipitated completel 3 " 
IS magnesium ammonumi phosphate, provided the shaking has been 
thorough The tube is then centiifuged for 10 minutes at 3500 rpm, 
the supernatant fluul decanted, and the tube allowed to dram m the 
inxerfed position foi 5 mmufes The precipitate and sides of the tube 
are xxasbed with 5 ml of magnesium wash reagent and the tube centrifuged 
as above Two washings ate nccessarj'- After the final drainage the tube 
and contents aic diicd in an r xen at 100° for 20 to 30 mmu tes to remove 
the alcohol 

To the diicd precipitate m the centiifuge tube add 1 ml of the acid 
xanadate icagcnt and agitate until the piecipitate is completely dissolved 
Then add 8 ml of watoi and 1 ml of 5 pei cent ammonium molybdate 
One may add the mol}4idate dn-ectly to the acid xanadate but, because 
of the noxious fumes aiising, it is pieferable to add the xxater first Mix 
by mx^eision, allow to stand 5 mmutes, transfei to a colorimetei tube, 
and read at a w ax^e-lcngth of 420 mg A blank, w ith 1 ml of acid vanadate 
and 1 ml of molvbdate m a volume of 10 ml , is made smiultaneouslj 
The reading of the test solution aftei subtraction of the blank is referred 
to the standaid curx^e and the number of micrograms of magnesium m 
the sample is calculated Tins value multiplied by the factor 0 05 gives 
the mg of magne=ium pci 100 ml of serum 

Standard (7w re— Suitable dilute standards weie piepared from the stock 
Solution such that the x'^anous samples contained amounts of phosphate 
equivalent to fiom 10 to 80 y of magnesium 1 ml of the acid xmnadate 
reagent and 1 ml of the ammonium molj'^bdate were added and the samples 
made to a x^olumc of 10 ml The optical densities were determined at 
a wave-length of 420 mg m the Beckman quartz spectrophotometei , 
With 1 00 cm Coiex cells 

All lesults published m this papei weie calculated horn the iptical 
densities obseix^ed in the Beckman spectiophotometer Bach magi csium 
determination was made in duplicate 
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Results 

Phosphate Standards — ^The optical densities of the standard curve, 
with the acid vanadate leagent, are given m Table I In addition, a 
companson is given of the optical densities of both ICH2PO4 and 
MgNH4P04 M hen the aqueous vanadate solution described in the phosphate 
method ( 5 ) was used 

Three obseivations are to be made fiom Table I ( 1 ) All thiee solutions 
follow Beei ’s lav ovei a range of 5 to 80 7 of magnesium (2) The optical 
densities of both KH2PO4 and MgNH4P04 solutions, calculated to contain 
equivalent amounts of magnesium, are identical ( 3 ) The optical densities 


Table I 

Optical Densities (Corrected for Blank) of KH~POt and MgNHiPOt with Acid and 

Aqueous Vanadate Solutions 


The readings v ere made in a Beckman spectrophotometer at 420 mp 


Magnesium* 

1 

KHJ’Oi + acid vanadate 

KHJOi -f aqueous 
\anadate 

MgNH^PO^ 4* aqueous 
\anadate 

7 ' 

5 

0 037 

0 036 


10 

0 073 

0 072 

0 071 

20 

0 144 

0 140 

0 143 

' 30 

0 214 

0 211 


40 

0 286 

0 281 


SO 

0 354 

0 352 


60 

0 421 

0 424 

0 423 

70 

0 498 

0 494 

0 501 

80 

0 566 

0 565 

0 568 

Blank 

0 032 

0 024 

0 025 


* Either the amount of magnesium equivalent to the phosphate used in the phos- 
phate standards, or the amount of magnesium calculated to be present in the 
MgNHiPO, 


of the standaid cui ve (KH2PO4), aftei conection for the blank, are identical 
vliethei one uses the acid vanadate reagent 01 the aqueous vanadate 
solution 

Smce a comparison of the optical densities of phosphate solutions ovei 
an 8 month period, vith both the acid and aqueous vanadate solution, 
gave identical results, the use of the aqueous reagent has been abandoned 
The onl}^ significant difference in the use of the tvo reagents is that the 
^alue of the blank is slightly higher foi the acid Aanadate 

The spectrophotometric data ha\e preiuously been given ( 5 ), paiticularly 
in Pigs 2 and 3 of that papei , and need not be repeated heic 

If the standai d curve is pi epai ed from readings taken on a Klett-Summer- 
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son photoelcctiic colonmctci oi a Coleman jumoi spectrophotometer, 
the cunc IS not stuctlv lincai Tins is attnbutable to characteristics 
of lliOEc two mstnimenfs, namely, the filtei and photocell For clinical 
purposes these coloiimcteis me suitable pioiidecl propei precautions aie 
obser\ed m ‘netting up the standard cuiTe 

Color Slahihhj — In the papei on phosphate deteiramation (5) it was 
stated that the color of the blanks and test solutions w'as repioducible 
and stable foi periods of at least 24 houis This study has now been 
extended oier a pciiod of 4 days Duimg this time mterval there is a 
slow mcrcase in the optical density of both the blank and the test solutions 
At the end of 4 da3’S, howevei, the laigest error due to this mcrease in 
color IS onlj" 1 5 pei cent and well withm the limits of erroi claimed for 
the method IMoreovcr, the increase m the value of the blank is not 
alwajs concomitant with the mcrease observed m the test solution The 
authors feci that this eiior is of mmor significance, smee colorimetric 
readings are usuallj’- made within a period of 1 or 2 hours after color de- 
velopment has been attained 

Effect of Time on Precipitation of Magnesium — In the precipitation of 
-magnesium as magnesium ammonium phosphate it has long been the 
custom to allow precipitation to take place overnight, a period of approxi- 
matelj 16 hours Preliminary studies W’lth solutions of magnesium alone 
showed xery little diiTerence in lecoveries durmg 2, 4, oi 16 hour periods 
of precipitation when the technique already described was used In 
order to prove that a 2 hour precipitation period w'as sufficient and could 
also be applied to the determmation of magnesium in serum, knowm 
amounts of magnesium w ei e added to serum and the precipitation of mag- 
nesium earned out at 2 and 16 hour intervals Four series of determi- 
nations were made m which magnesium as magnesium chloride, in amounts 
langmg from 10 to 80 y, were added to 2 ml of serum Calcium was 
removed and the magnesium determined m duplicate m each sample 
The temperature at which precipitation w'as carried out ranged from 
20-25° 

The average xmlues foi the foui series are given in Table II The 
results show' that there is no significant dilleience m the 2 and 16 houi 
periods, the aveiage deviation from the calculated value was ±0 6 pel 
cent foi the 2 hour and ±0 5 per cent for the 16 hour period The maxi- 
mum deviation of any one series ranged from —13 to -f-2 5 per cent 

In addition, precipitation of magnesium was earned out for 24 and 48 
hour periods The results were sunilai to those above if the temperature 
range was also similar 

Table III shows the lesults on a dozen seia m which magnesium was 
■precipitated at 2 and 16 hour intervals The 16 hour precipitation gave 
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lo-ner values m fi-\e cases, higher m tvo, and identical results in the other 
five cases The diffeiences are t-\-pical of a larger series and also shov that 
theie IS no significant diffeience when the 2 hour precipitation is emplo}ed 
for the deteimination of magnesium ui seium 


Tabi£ II 


Recovery of Magnesium Added lo Serum, Comparison of 2 and 16 Hour Precipiialions 


Mg added 

2 hr precipitation 2 ml ^enun 

I 16 hr precipitation 2 ml crum 

Mg found 

Mg calculated 

Recoverj 

Mg found 

Mg calculated 

Rcco\ er> 

7 

7 


per cent 


•J 

per cent 

0 




44 1 



10 

55 5 

56 0 

99 1 

54 7 

54 1 

101 1 

20 

66 4 

66 0 


64 5 

64 1 

100 6 

30 

75 2 

76 0 

98 9 

74 1 

74 1 

100 0 

40 

85 9 

86 0 

99 9 

84 1 

84 I 

100 0 

50 

96 5 

96 0 

100 5 

93 7 

94 1 

99 6 

60 

105 3 

106 0 

99 3 



99 4 

70 

116 9 

116 0 ' 

100 8 

113 5 

114 1 

99 5 

80 

126 5 

126 0 

100 4 

123 0 

124 1 

99 1 

Average error 

±0 6 



±0 5 


Tabu: III 


Comparison of 2 and 16 Hour Precipiialions of Magnesium in Serum 


Patient No 

2 hr$ 

16 hrs 


mj per cent 

ms per cent 

1 

1 8 

1 7 

2 

2 1 

2 1 

3 

2 0 

1 9 

4 

2 1 

20 

5 

2 1 

2 0 

6 

2 2 

2 1 

7 

2 1 

2 1 

8 

1 9 

2 0 

9 

2 0 

2 0 

10 

2 1 

2 1 

11 

2 1 

2 2 

12 

1 8 

1 8 


l^eubauei (18) shoved that vhen magnesium is precipitated as mag- 
nesivffli ammonium phosphate m the cold the lesults are sometimes high, 
while it othei tunes the results are lov A senes of 2 and 16 hour pie- 
cipitations of magnesium, added to serum ^^as carried out at 4 , 25 , an( 
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37° 1 he ifsiilts al 25° aud 37° A\eic identical for both time mtervals At 

4° the nngnc^iiim content langcd from 3 to 4 per cent higher, showing 
tint the loMci tempciatuic docs affect the nature of the precipitate formed 
Tlie magnc'^uim ammonium phosphate formed at ordmaiy laboratory 
tempcratuics ^\as piobabh slightly contammated uith the tnbasic phos- 
jihate, MgaOPO^)", Avhich maj have formed because of the louer temper- 

Tablf IV 


iScruin Afaffrtcsium Values of Normal Adults 
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Serum Magnesium of Normal Adults — ^Blood samples weie obtamed 
from approximately the same members of the laboratory staff as m the 
phosphate determmations (5) Tliere i\ere forty -two adults m the group, 
rangmg m age from 20 to 60 years There Mas equal distribution between 
the sexes The values obtamed ranged from 1 7 to 2 3 mg of magnesium 
per 100 ml of serum The results are given m Table IV 

DISCUSSION 

The results obtamed by this new method show^ a much narrow'er range 
than those reported by the majority of other ivorkers Average values 
or noimal ranges (mg per cent) m close agreement wuth those reported m 
this paper are given by Briggs (1), 2 23 to 2 50 , Denis (2), 2 0, Weissenbach 
et al (19), 1 8 to 2 2, Roy (20), 2 48, and Kramei and Tisdall (17), 1 80 to 
2 30 Of the authors usmg the hydroxyqumoluie method, those w'hose 
results are m closest agreement ivith values by the vanadate method are 
Hoffman (15), 1 90 to 2 50, Bomskov (21), 1 7 to 2 6, and Velluz and 
Velluz (22), 1 60 to 2 40 Greenberg and his associates (23) leport a 
higher range, 2 0 to 3 6 With the exception of the \ alues reported by 
Hirschfelder and Haury (24), 1 80 to 2 40, results by the titan yellow 
method show the greatest discrepancy fiom the values reported m this 
paper as judged fiom the results of Haur5’^ (25), 1 74 to 3 10, and Beinstein 
and Simkms (26), 1 23 to 3 54 

Haurj' (27) has given a thoiough review of the vaiiations m serum 
magnesium m health and disease Because of the wide variations repoited 
by the different methods used for its determmation, many of the studies 
reported should be reevaluated 

It IS our behef that normal magnesium levels cover a verj"^ narrow lange 
and remam fairly constant In spite of many reports of the variations of 
magnesium m different diseases, little is knowm about its exact physiological 
function Further studies are necessary and should pio\e to be of sig- 
nificant value 

The advantages of the method, herem repoited, aie as follows (1) aftei 
removal of the calcium, a serum magnesium determmation may be com- 
pleted m appioximately 3§ hours, (2) the technique is simple and no special 
equipment is needed, (3) the color is stable over a long peiiod of tune and 
duphcate determmations show excellent agreement, and (4) the error 
of the method as determmed by the recovery studies gives an average 
deviation of ±0 55 per cent from the calculated value 

SUMMARY 

1 A method is described m which magnesium is precipitated from 
serum as magnesium ammonium phosphate wuth subsequent determmation 
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of the phosphate toiniionent bj the molybdivanadate pioceduie After 
renio\nI of the caleiimi, i niagiiesium dctei mination may be completed 
m 85 horn's Onl\ ^Idlnat^ lalioi iton equipment is necessarv" 

2 The solutions ol)c^ Beei’s Ium ind the method ma^ be used foi 
concentrations of in isnesium 1 inging fiom 10 to 80 7 

3 The maMinum eiioi of tlie method laiiges from —13 to +2 5 pei 
cent, with an <i\eiage deMation of ±0 55 pei cent from the calculated 
\ ahie ^ 

4 The seiiim magnesium in foiU-two noimal adult males and females 
(se\ distribution being equal) 1 inged ficm 1 7 to 2 3 mg pei 100 ml 
The 1 allies foi females weie onh shghtlv lowei than those foi males 
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THE METABOLIC INTERRELATIONS OF THYROXINE AND 
DIIODOPYROSINE IN THE THYROID GLAND AS SHOW BY 
STUDY OF THEIR SPECIFIC VCTDHTY-TIME RELATIONS 
IN R V'IS INJECTED YI 1 H R VDIOACTHTS IODINE-^ 

VIA lA 1 VI ROC, A\|) I L CHAIKOFF 
(f row thr Dnikion of Pln/,<inlopii L niicr'nlt/ of Califonua MrdicnJ School, Bcifelei/) 

(!{((•( nod for piiblu nlion, March G, 1047) 

Tlip cMclpiuc 111 supiioit of the hvpotlicfeis that th 5 TO\ine ib foimed 
in the tliMoul fiom t\iobine iiith diiodotvi osine as an mteiinediate has 
rccenth been leMowed I)\ Ilaiington (1) The piesence of lelativeh 
large amounts of diiodofM osine in the thyioid gland and, in paiticulai, 
the hnding tint natui d th\io\ine and natuial tyrosine are configuiativeR 
ichted aie consideied h\ hinitofa\oi stiongly such a mechanism Furthei 
support Is olTeied by the isolation of thyiovme from lodmated proteins 
(2-4) and b^ the finding tliat thyioxine is foianed duiing the piolonged 
incubation of diioJotyiosme in a shghti} alkaline solution (5-10) 
Zihei-smit cl al lul^e dcMscd a piocedure based on the use of labeling 
agents foi testing ii hethei one compound in a tissue is a precursor of anothei 
(11) This ln^ol\Cb a study of changes in the specific actmties of the 
two compounds yitli time IVith the aid of methods recently deyeloped 
in this laboratory for fiactionating the lodme in as little as 20 mg of thyroid 
tissue (12) and -with the aid of ladioactiye lodme, it became possible to 
apply this procedure to a study of the interrelations of duodotyrosine and 
thyroxine in the thjTOid glands of the rat 

EXPERIMENTAL 

Rats of the Slonakei and Cuitis-Dunnmg strains weighing 180 to 250 
gm ivere used m this study All had been laised on the same diet Each 
lat received by way of the tail rein 0 5 to 1 0 cc of an isotonic solution 
containmg 20 microcuiies of I*** pei cc mth no carriei The rats 
were sacrificed in groups of three or foui at the followmg mteryals there- 
after 15 minutes, 1 houi, 4, 14, and 50 houis 
Prachonahon of /odrne— The lats were anesthetized vith nembutal, 
bled by severing the heart and great vessels, and their th 3 TOids removed 
The glands were then rapidly weighed and homogemzed with 1 cc of 
cold 10 pel cent trichloroacetic acid in, a small glass homogenizer The 
homogenate together with the water washings used m its preparation 

* Aided by a grant from the Committee for Research in Endocrmologj of the 
National Research Council 
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^^as transferred to a giaduated centrifuge tube The protein precipitate 
Mas separated by centrifugation and M'ashed once Mith 5 cc of 5 per cent 
trichloroacetic acid The supernatants m ere combined for the determma- 
tion of non-proteni-hoimd iodine The precipitate Mas hydrolyzed Math 
1 cc of 2 N NaOH on the steam bath for 10 hours and separated mto duo- 
dot^Toslne and thjToxine fractions m the manner previously described 

Table I 

Distnbulwn of 7 “* and 7 ^” tn Rat Thyroids 


Inten al 


Radioactive iodine (1***) 


Per cent of administered 
recovered in thjroids 


Per cent of total 
thjroid Irti in 


after 
injection 
of P»‘ 

Total 

Thy 

roxine 

frac 

tion 

Diio- 

doty 

rosme 

frac 

tlOQ 

Non 

pro 

tein 

bound 

frac 

tion 

Th> 

roxme 

frac- 

tion 

Diio- 

doty- 

rcsine 

frac 

tion 

Non 

pro- 

tein 

bound 

frac 

tion 

Thy- 

roxme 

frac- 

tion 

Dno 

doty 

rosme 

frac 

tion 

Non 

pro- 

tein 

bound 

frac- 

tion 

Thy- 

roxine 

frac 

tion 

Duo- 

dot^ 

rosme 

frac 

tion 

Non 

pro 

tein 

bound 

frac 

tion 
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0 25 

1 

55 

0 

22 

1 

26 

0 


14 

5 

81 

1 

4 

4 

2 

9 

7 

5 

1 

43 

27 

69 

4 

0 25 

1 

64 

0 

21 

1 

35 

0 


12 

9 

82 

1 

5 

1 

4 

1 

10 

4 

i 

51 

27 

69 

4 

0 25 

1 

54 

0 

16 

1 

31 

0 

fig 

m 
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85 
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0 

3 

3 

8 
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Chemicall> measured iodine (I^) 


Amount of in 


Per cent of total 
thjroid in 


(12) The amounts of lodme and the radioactivitj in each fraction m ere 
then detennmed 

Results 

Uptake of Radioactive Iodine— The percentages of the administered 
psi recovered m the different lodme fractions of the gland are shonn in 
Table I In 15 mmutes the thyroid glands alreadj contamed 1 5 per 
cent of the mjected dose The maxunum uptake of total lodme (about 
20 per cent of the mjected dose) occurred betM-een 14 and 50 hours 
Distributwn of Chemical Iodine (P”)— The percentages of the gland’s 
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iodine piescnt in tlic \Tnoiis friclions. are sboiin m Table I The dis- 
tribution of llic iodine between the thju ovine and diiodotyrosme frac- 
tions was found to be strikingh constant in tlie diflfeient anunals The 
thyrovinc iodine varied only from 23 to 29 per cent of the total, the mean 
was 26 and its standard erroi 0 43 Diiodotyrosme iodine varied from 
67 to 74 per cent, with a mean and standard erioi of 69 ± 0 48 These 
findings igrec well with the results of a pievious report from this laboratory 
m which it was dcnionstmled tiiat not onh' is there a constant percentage 
of the total iodine present in the thj’iovine fiaction but this percentage 
remains constant cren when the total gland iodine is augmented by m- 
creasing the iodine intake (13) 

Dtslrtbu/Wfi of Radioaclivc Iodine (/'**) — ^Theie was also a fairl}' constant 
distribution of radioactne iodine between the th 3 TO\me and duodotyrosme 
fractions of the th 3 ’roid at each inteiial The evceedmgly rapid rate 
of appearance of the injected I*’* m the organic lodme fraction, however, 
was unevpected As carh" as 15 minutes after the injection, 95 per cent 
of the radioactu itj picsent in the thjTOid was piecipitable with tri- 
chloroacetic acid, and therefore presumed to be organically bound At this 
earl} intcnal the greatest pait of the activity, namely over 80 per cent, 
was alreadj' in the diiodotj rosine fraction, whereas 10 to 15 per cent was 
m the thjTovine fraction At all inten als up to 50 houre the fraction of 
radioiodme prccipitablc as tiichloroacetic acid constituted over 95 pei 
cent of the thjToid’s total activitj’’ Tlie relative amount of activity m 
the thjrovinc fraction inci eased constant!}’’, and m 50 hours this fraction 
contained o\cr 25 per cent of the gland’s total radioactivity 

Criteria for EslahMnng Identity of Piecuisor As Applied to Duodotyrosme 
Iodine and Thyroxine Iodine after Injection of Single Dose of 
Radicaetivc Iodine 

The graphical procedure of Zilveremit ct al foi testmg the identity 
of a precursoi is based upon the analysis of the specific activity-time cuTves 
of the suspected precumoi and product (11) Such curves aie best dia’wm 
when all the measurements aie earned out on a single animal Smee 
this was not feasible in the piesent evpenment, seveial rats were saciaficed 
at each interval and the areiage of the individual specific activities used 
for plotting the cuives in Fig 1 The individual values calculated from 
the data in Table I are shown m Table II Good agreement between 
the individual values in each gioup made it possible to draw satisfactorj 
curves depicting the changes in specific activity w ith tune 

Zilversmit el al have demonstrated that m a case in which Compound 
^ IS the immediate precursoi of Compound B the follow mg three con- 
ditions must hold in an experunent m which a single dose of a labeling 
IS administered (1) The specific activit} of Compound A is greatei 
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Table II 

Specific Activity Data 


Interval after iodine injection 


hrs 

0 25 
0 25 

0 25 

1 
1 
1 
1 
4 
4 
4 

14 

14 

14 

14 

50 

50 

50 

50 


Th>roxine fraction 


counts per sec per y todtnc 

. 38- 

25 
23 
120 
143 
105 
72 
202 
281 
252 
443 
567 
438 
865 
510 
640 
545 
606 


Diiodotjrosine fraction 


counts per sec per y todtnc 
82 
64 
77 
222 
222 
177 
122 
432 
426 
419 
527 
705 
585 
873 
465 
692 
456 
610 



Fig 1 Specific actnitj-time relations for chiodot j rosme iodine and thjroxine 
iodine 
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tlnn that of Compound B before the latter reaches its ma\unum specific 
actii ity (2) Tlic specific activitj’- of Compound A equals that of Com- 
pound B when the specific activitj' of Compound B has leached its max- 
imum specific actuity (3) Aftei the specific activity of Compound B 
lias reached its maximum, the specific activity of Compound B is gieatei 
than that of Compound A 

Fig 1 shows that within the limits of expermiental eiioi these thiee 
conditions aie fulfilled foi diiodotyiosme as Compound A and foi thyroxine 
as Compound B The data presented heie therefore provide support foi 
the Mew that diiodotjmosme is the biological precuisoi of thj'^roxine 

DISCUSSION 

j\Iann, Lcblond, and Warren were the first to use ladioactive lodme 
to deteimine whether dnodotyrosme is the precuisoi of thyroxme (14) 
These workere injected six dogs with tiacer doses of radioactne lodme 
and sacrificed tw o at each of the follow'mg mtenmls 0 5, 8, and 48 houis 
The thj'-ioid iodine was separated mto three fiactions, morgamc, thyroxme, 
and diiodotju osme iodine, and the specific activities of the lodme m each 
fi action deteianined Because the uptake of by the thyroids of these 
dogs varied tremendously, it was not feasible to compare duectl}’’ the 
specific activities among the different animals To permit a comparison 
to be made, Mann el al introduced a new latio w'hich they designated 
“relative specific activity ” The latter is the ratio of the specific activity 
of the iodine of a given fraction to the specific actmt}’' of total iodine of 
the gland ^ The relative specific activities of the various iodine fractions 
were then plotted agamst time and the resulting cunms mterpreted as 
if thej’- lepresented ordmary specific activity-time curves As eiidence 
m suppoit of a precursor-product relation between duodotyrosme and 
thyroxme, Mann et al then cite then findmg of a Imear mcrease m the 
lelatn e specific activity of thyroxme lodme comcident wuth an approximate 
constancj^ m the relative specific activity of duodotyrosme lodme The 
validity of this evidence, how^evei, appears to us to be open to question 
When lelative specific activities w'ere calculated from the data of Table 
I, a linear mciease m the values foi thyroxine iodine wnth time w'as not 
obseived, even though those foi duodotyrosme lodme remamed approxi- 
mately constant In attempting to resolve this discrepancy the following 
should be noted^ 

‘ It 18 necessary to call attention here to the fact that this meaning of the term 
“relative specific activity’’ differs from that assigned to it by Heiesy (15), who first 
introduced this term 

- We are indebted to D B Zilversmit for valuable assistance in the evaluation of 
the “relative specific activitj ’’ data of Mann et al (14) 
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1 The straight hne obtained by Mann et al , when lelative specific 
activities of thyroxine lodme were plotted against tune, was based on 
only three points and did not pass through the ongm 

2 When the specific activity of the piecursor of a given compound is 

kept constant, the specific activity of this compound increases linearly 
only so long as an appreciable amount of the compound does not leave the 
tissue Smce the experiments of Mann et al lasted for 48 houis, it is 
unlikely that m this mterval only a neghgible amount of labeled thyioxme 
left the gland We have shown elsewheie (16) that m the rat labeled 
iodide lemoved from plasma by the thyioid gland reappears rapidl}’^ m 
plasma as protem-bound iodine (piesumably thyioxme) v 

3 The constancy observed m the values for the relative specific ac- 
tivitj’’ of duodotyrosine lodme is a coincidence Smce the largest part 
of the lodme m the gland, both in radioactive and stable form, is present 
as diiodotyrosme, this constancy is mherent m the method of calculation 

4 Thyroxine lodme amounted to 6 5 and 10 per cent of the total iodine 
of the thyroid gland m the two dogs sacnficed at the 48 hour mteival, 
but m the two sacrificed at the 8 hour mterval it constituted 26 and 33 
per cent The relative specific activities of thyroxme lodme and dnodo- 
tyrosme lodme agreed fairly well for the two dogs sacnficed at each interval, 
but it is questionable whether agreement would have been obtamed tf 
all four dogs had been sacrificed at the same interval Agieement undei the 
latter conditions, t e in a large number of dogs vith widely vaiying per- 
centages of thyroxme in their thyroids and sacrificed at the same mterval 
after the mjection of 1^^^ must be demonstrated to justify the use of lelative 
specific activities 

5 It IS curious that despite a 10-fold variation m the thyroxme content 
(65 6 to 643 7 of lodme) of the thyroids of their dogs, Mann et al calculated 
from the relative specific activity-tune curves that a constant 'percentage 
(1 55 per cent) of the thyroxme of the glands was renewed every hour 
This implies a 10-fold variation m thyroxme turnover rate, although the 
body weight of these dogs vaned only 2-fold 

In the present study a direct comparison of specific activities of iodine 
m the duodotyrosme and thyropne fractions of the gland was made pos- 
sible by the use of a uniform group of carefully controlled rats Smce 
at each mten^al (see Table II) the three to four values obtamed for the 
specific actmties of duodotyrosme or for thyroxme were m fairly good 
agreement, it v as permissible to plot their averages agamst tune, as shown 
m Fig 1 

It was shown by Zilversmit et al (H) that curves of the type shown 
m Fig 1 can also be used to calculate the tune required for the complete 
renewal of the thyroxme m the gland (turnover tune) The assumptions 
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underhung this calcul ition ]i<n'e been fully discussed elsewhere (11) When 
this calcuKtiou wns ciiried out in the present experiment, the turnovei 
time of th3To\inc amounted to approximatelj'^ 24 hours If we assume 
that only a small fraction of the th5uo\ine is destroyed iiithm the thjwoid 
gland, then this icsult means that m 24 houis the th3woid gland secretes 
an amount of th3ro\nie equal to that piesent m the gland Since the 
aierage th3io\ine iodine content of the th3uoid gland was 3 3 y, the rate 
of th3wo\ine iodine secreted, as calculated b3’^ this method, is approximately 
1 5 7 per 100 gni of bod3’- w eight pei 24 hours This value is lower than that 
found b3’' Dempsey and Astw ood (5 2 7 of Z-thyio\ine per 100 gm of bod3" 
weight per 24 hours (17)) but highei than that leported by Gnesbach and 
Punes (2 25 7 of d^-th3'ro\me per 100 gm of body w'eight per 24 hours 
(18)) The methods used b3' these workers (17, 18) were based on a dif- 
ferent principle from the one described here 

The fraction termed here non-protem-bound iodine is probably not 
a discrete th3Toid fraction but a mLxtuie of inorganic lodme and some 
organic iodine that fails to precipitate with the proteins This fraction 
constituted only about 5 per cent of the total lodme (I’^’) and about the 
same percentage of the total ladioiodine (P®') Since morganic added 
to the thyroid before homogenization w'as quantitatively recovered in the 
trichloroacetic acid supernatant, it may be assumed that all the morgamo 
iodide of the gland appeal's in this fraction But not all of the iodine 
in this fraction behaved like morganic iodide When trichloroacetic 
acid extiacts were prepared from the glands of rats that had been mjected 
ivith only 20 to 30 per cent of the in the extracts was oxidized 
to Ij by the addition of iodide carrier and excess lodate This means that 
only about one-fourth of the radioiodine in this fraction can be considered 
to be in the form of iodide 

For” the purpose of the specific-activity determmations earned out heie, 
however, the treatment of the glands with trichloroacetic acid introduced 
no error This procedure seived to separate the inorganic iodine from 
the protein-bound lodme of the precipitate, and the small loss of organic 
iodine from the piecipitate would not be expected to affect the specific 
activities of the th3woxine and duodot3uosme lodme 

We are grateful to Dr Haidm B Jones for assistance m carr3Tng out the 
experiments described here 


SUMMARY 

1 Specific activity-tune curves were constructed for the lodme of the 
thyroxine and duodotyrosme fractions of the th3’TOid glands of rats that 
had received a single mtiavenous mjection of radioactive lodme The 



56 


RADIO A.CTIVE IODINE IN THYROID GLAND 


cun es obtained satisfied certam preiuouslj’- estabbshed cntena for a pre- 
cursor-product relationship, thus pioviding fuithei eNpenmental eiidence 
for the 1 leii that diiodotyrosine is the biological precui-soi of thyroxine 
2 The average rate of tfiju-oxine secreted bj the thjuoid gland of the 
rat as calculated trom specific activity-tune cunes nas found to be about 
2 7 per 100 gm of bod 3 ’- n eight per 24 houre 
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BIOCHEiMICAL TllANSFORMATIONS AS DETERINIINED 
BY COMPETITIVE ANALOGUE-METABOLITE 
GROWTH INHIBITIONS 

M PHI'AKMION 01' BIOTI^ SYNTHESISER 2 0\0-4- 
LMID\/0L1D1NFC\PR0IC A.CID 

Ih I ORl \I EVNE ROGERS vnd WILLI YiM SHIVE 

{I ion the Cloiilnii Biochamcal Inslilule and the Department of Cheniti,tn/, Fhc 
Unner’ttlij of Texas, Austin) 

(ReccnccI for publirnfion, March 13, IW) 

iMiich attention Ins been given to the possibility that desthiobiotin 
IS a piecuisor of biotin in biological systems, since Melville, Dittmei, 
Broun, and du Vigneaud (1) fiist leported that desthiobiotm vas equally 
as effective as biotin in stimulatmg the giovth of Saccharomyces cerevmae 
Dittmei, Melville, and du Vigneaud (2) later demonstiated that desthio- 
biotin uas conveited by yeast to some substance, presumably biotm, 
vhich could leplace the biotm lequirement of Laciobacillus cam, an 
oiganism which cannot utilize desthiobiotm Evidence of a similai 
nature was piesented by Leonian and Lilly (3) Stokes and Gunness (4) 
leported that desthiobiotm could substitute foi biotin in the nutntion of a 
fungus and of a numbei of j easts, but that it did not support giow th of the 
thiee bactena tested by them The most conyincmg evidence that 
desthiobiotm is a noimal mtermediate m the synthesis of biotm was 
presented by Tatum (5) By subjecting Pcmcilhinn chi ysogenum to 
\-raj^s a biotm-iequiring strain was obtamed w'hich could not utilize 
desthiobiotm Tins organism, w'hen grown on mmimal quantities of 
biotin, produced a substance which was identical with desthiobiotm m its 
grow th-promotmg pioperties for several other oiganisms, including 
Pemcillium notatum, stiam 21464 

In the present investigation a study has been made of the inhibition of 
giowth of Eschcnchta coh by 2-oxo-4-imjdazohdinecaproic acid' and the 
effect of biotm and desthiobiotm on this tovicity Dittmei and du Yb- 
gneaud (6) sjmthesized 2-o\o-4-imidazolidmecapioic acid and reported its 
feeble “antibiotm” effect foi both Lactobacillus caset and Saccharomyces 
ceicvisiae Latei, Duschmsky and Dolan (7) S 3 'nthesized the compound 
bj' an impioved method and reported mhibitor 3 '’ action m close agreement 
w ith the results of Dittmer and du Vigneaud 

Apphcation of the theory of inhibition analysis (8) to the effect of des- 

* The nomenclature of Chemical Abstracts is used instead of 4 (imidazoIidone-2l 
caproic acid (G) and 5 carbo\jamyl-2 imidazolidone (7) 

67 
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thiobiotm and biotin on the toxicitj’’ of 2-o\o-4-imidazolidinecaproic acid 
for Escliei ichia coh indicates that the biosjmthesis of biotin must proceed 
through desthiobiotm as an mtermediate, and that no alternative mecha- 
msm is available to the organism This mhibitor evidently pi events the 
biosynthesis of biotm by competmg mth desthiobiotm for the enz}Tiie 
system which converts desthiobiotm to biotin 

T\ble I 

Growth Inhibition by 3-Oxo 4 mndazolidinccaproic Acid and Its Eeiersal bii 

Desthiobiotm 


Test organism, Escherichia coh, incubated 15 hours at 37° 


dl 2 Oxo4 imidazolidmecaproic 
acid 

dl Destbiobiotm 

GaUanometcr reading* 

7 per 5 cc 

7 Per 5 cc 


0 

0 

42 5 

100 

0 

43 0 

300 

0 

2 5 

1,000 

0 

2 5 

0 

3 

40 0 

100 

3 

42 5 

300 

3 

25 0 

1,000 

3 

2 0 

0 

10 

43 0 

100 

10 

40 0 

300 

10 

41 5 

1,000 

10 

2 5 

0 

30 

43 5 

300 

30 

41 5 


30 

42 0 

3,000 

30 

2 5 

0 

100 

40 0 

1,000 

100 

40 0 


100 

40 0 

10,000 

100 

2 0 

10,000 

1000 

42 5 


Antibacterial index = 100 

* A measure of culture turbidity, distilled water reads 0, an opaque object 100 


EXPERIMENTAL 

Materials 

The 2-o\o-4-imidazolidinecaproic acid (300 mg ) was kmdly supplied to 
us by Dr Robert Duschmskj’’ (7) 

Biotm V as obtained from Alerck and Company, Inc , and dZ-desthiobio- 
tm was obtamed from Hoffmann-La Roche, Inc 
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Testing Methods 

The basal medium used m tests with Escherichia coli has been previously 
descnbed (8) The casein hydiolyzed with tiypsin was omitted The 
organism used v as earned by daily transfers on the inorganic salts-glucose 
medium (6) In ordei to conseia'e matenal, these tests were earned out 
with cultures of 5 cc total volume 


Tabif II 

Prcvcnlwn of Toxtnly of 3 Oxo-^-imidazoUduiecapi oic Acid by Biotin 


Test organism, Escherichia coli, incubalcd 15 liours at 37° 


dl 2 Oxo-4 imidazoltdinecaproic 
acjd 

Biotm 

Gah anometcr reading 

y Per 5 ce 

y per S cc 


0 

0 

42 5 

100 

0 

43 0 

300 

0 

2 5 

300 

0 003 

2 5 

300 

0 01 

11 0 

300 

0 03 

43 0 

300 

0 1 

43 0 

0 

0 03 

42 5 

300 

0 03 

40 5 

1,000 

0 03 

24 5 

3,000 

0 03 

15 0 

10,000 

0 03 

6 0 

0 

0 1 

30 0 

300 

0 1 

42 5 

1,000 

0 1 

42 0 

3,000 

0 1 

41 0 

10,000 

0 1 

38 0 


Antibacterial index >10,000 


Results 

As shovTi m Table 1, 2-o\o-4-imidazohdmecaproic acid at a concentration 
of 300 7 per 5 cc completely prevented growth of Escherichia coli in a 
salts-glucose medium The toxicity vas prevented competitively by 
desthiobiotin, the antibactenal index (9) being approximately 100 over a 
Vide range of concentrations Even 10 mg of the mhibitor per 5 cc vere 
not toxic to the orgamsm m the presence of sufficient (1 mg ) desthiobiotm , 
thus, inhibition of growth v as apparent only v hen the ratio of inhibitor to 
desthiobiotm exceeded a definite value 
The effect of biotm on the toxicity of 2-oxo-4-iimdazohdmecapioic acid 
IS indicated m Table II At least 0 03 r of biotm per 5 cc was necessary to 
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pie\ ent the toxicity of the inhibitoi at concentiations of 300 y per 5 cc , 
the lovest concentiation pieventing giovth in the absence of biofin In 
the piesence of 0 03 7 of biotin pei 5 cc , 2 -o\o- 4 -imiclazohdinecapioic acid 
vas toxic only at lelatively high concentrations, 3 to 10 mg per 5 cc 
An mcrease in the concentiation of biotin to 0 1 7 pei 5 cc pievented the 
toxic action of the inhibitor, even at 10 mg pei 5 cc The lesults indicate 
that the minimal amount of biotm necessaiy to obtain any pievention of 
toxicity of the inlubitoi was not much less than the amount which is 
effective at all levels If 2 -oxo- 4 -imidazohdinecapioic acid pievented a 
function of desthiobiotm othei than biotin simthesis, the antibactenal 
index was gieatei than 10,000 


DISCUSSION 

Fiom the lesults, it is appaient that 2 -oxo- 4 -imidazolidmecaproic acid, 
which differs from desthiobiotm by lacking a smgle methyl gioup, competes 
with desthiobiotm foi an enz3'me sj^stem, the function of which is essential 
for gioivtli The antibactenal index foi this competitive inhibition is 
about 100 

It has been pioposed (8) that the antibactenal mdex is a function of the 
inliibited enzyme system which is the limiting piocess foi glow th, and that 
the addition of the product of this specific limiting enzjTOe system to the 
oiganism in excess of giowdh requirements either completely prevents the 
toxicit3'’ of the analogue at an3'^ concentration or results in a highei anti- 
bactenal mdex w Inch is a function of anothei enz3TOe system foi w^hich the 
analogue and metabolite compete 

The effect of biotm on the toxicity of 2 -oxo- 4 -imidazohdmecaproic acid 
appaientl3'^ conesponds to that of the pioduct of the inhibited enzyme 
system, and no othei essential enz3Tne S3’stem is affected by the inhibitoi 
Hence, it appeare that 2 -oxo- 4 -imidazohdinecapioic acid prevents the 
bios3mthesis of biotm m Escherichia coh b3'’ competing wnth the desthiobio- 
tm for the enz3Tne system which converts desthiobiotm to biotm It 
would theiefoie appeal that desthiobiotm is the normal precumor of 
biotm, and since biotm s3'nthesis limits the grow th of the organism w hen 
the comemion of desthiobiotm to biotin is blocked, there appears to 
be no othei efficient alternative method of biosynthesis of biotm in the 
organism 


SUMMARI 

2-0xo-4-imidazohdmecaproic acid pi events the giowth of Eschenchm coh 
by competing ivith desthiobiotm foi an enz3ane system, the functionmg of 
which IS essential for biotm 3301 thesis The antibacterial index is ap- 
proximately 100 m the absence of biotm In the presence of biotm m 
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slight excess of growth requnements the inhibitoi is no longer toxic to the 
organism, even at concentiations appioachmg saturation The normal 
biosynthesis of biotin piocecds tlnough this enzjune S3’^stem with desthio- 
biotin, and no efficient alteinati\e system appeals to be immediatelj^ 
available to the organism 
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ANTIBIOTIN ACTIVITY OF IMIDAZOLIDONE 
ALIPHATIC ACIDS* 
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The sjTithesis of four imidazohdone aliphatic acids (I) has been de- 
senbed in a recent communication from this laboiatoij'^ (1) The relation- 
ship between the stnicture of these acids and desthiobiotin (II) is illustiated 

O 

II 

c 

/ \ 

HN m 

I I 

H-C CH(CHj)„COOH 

(I) 

Imidazolidonevalenc acid (n = 4) 

Imidazolidonecaproic acid (n = 5) 

Imidazolidoneheptanoic acid (n = 6) 

Imidazolidoneoctanoio acid (a = 7) 

by the accompanjnng structures It has already been reported that 
df-imidazohdonecaproic acid (2, 3) is an antibiotm for Lactobacillus casei 
and Sacchar omyces cerevisiae 

It is the purpose of the present paper to report the relative antibiotm 
activities of these four imidazohdone aliphatic acids agamst Lactobacillus 
casci and Saccharomyces ccremsiae and to describe m detail the micro- 
biological methods used for the determmation of these values In addition, 
the avidm-combmmg abilities of these compounds will be discussed 

EXPERIMENTS, 

Antibiotin Activity of Imidazohdone Aliphatic Acids — The antibiotm 
activity of a compound is expressed m this papei as the molar mhibition 
ratio (2), which is defined as the number of molecules of an antibiotm 
required to inhibit 1 molecule of biotm The antibiotm activity is deter- 

* The authors wish to express their appreciation to the Lederle Laboratories Divi 
Sion, American Cyanamid Company, for a research grant that has aided greatly in 
this work 

t Present address. Department of Chemistry, University of Colorado, Boulder, 
Colorado 
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mined expenmentally by finding the amount of an antibiotm which is able 
to reduce the growth obtamed with 0 0002 y of biotm to a level equivalent 
to that obtained uuth 0 0001 y of biotm The molar mhibition ratio can 
then be calculated aftei the conversion of these amounts to molar quanti- 
ties The smaller the mhibition ratio, the greater the antibiotm activity 
of a given compound 

The inhibition of the giondh of yeast bj^ three of the imidazolidone 
aliphatic acids is illustrated by the curves of Fig 1 All tests were made 



Fig 1 Relative antibiotm activity of imidazolidonecnproic acid (Curve ICA)i 
irmdazohdoneheptanoic acid (Curve IHA), and imidazolidoneoctanoic acid (Curve 
lOA) on the growth of Saccharornyces cerevistae 

With Saccharomyccs cerevisiac, Fleisclimann stram 139, with the basal 
medium described by Snell, Eakm, and Williams (4), with the foUowm^g 
additions per litei of medium n-aspartic acid 100 mg , casern hydrolysate 
(Smaco) 5 0 cc , n-tryptophan 10 mg , sodium acetate 600 mg , thiamine 
chlonde 20 y, pyndo\me hydrochlonde 20 y, calcium pantothenate 20 y, 
and nicotmic acid 40 y For convenience, this methiun mil be designated 
as “C-14” The moculum was 0 6 mg of moist yeast (from a 24 hour 
culture grown on vort agar) per 100 cc of medium The mcubation 
period vas 16 hours at 30° The tests uere earned out m 20 X 150 mm 
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Pyrev test-tubes, each of which contained 1 cc of addenda and 6 cc of 
medium, the tubes weic incubated in a slanted position to permit bettei 
aeration 

The effect of inci casing amounts of biotm m nulbfvmg the inhibitor}" 
action of the imidizohdone ihphatic acids on the gionth of yeast is illus- 
trated by the cunes of Fig 2 

A study of the mhibitoiy action of the imidazohdone aliphatic acids on 
the gronth of Lactobacillus casci was made with the medium descnbed by 
Shull, Hutchmgs, and Petei'son (5, G) The inoculum nas groiin in the 
medium descnbed bv these aiithois, a 24 hour cultine nas centiifuged, 
cashed, and resuspended m 10 cc of steiile saline, 1 drop of a 1 20 dilution 



Fig 2 Nullification of the antibiotm activity of the iinidazohdone aliphatic acids 
by biotin Curve lOA, imidazolidoneoctanoic acid, Curve IHA, imidazolidone- 
heptanoic acid, and Curve ICA, imidazolidonecaproic acid 

of this suspension teas used pei tube Dining most of the antibiotin 
studies iMth L casei, the incubation penod i\as 40 to 44 houis When tlie 
test cultuies iieie peimitted to giow foi 72 hoiiio at 37°, the inhibition latio 
Mas somewhat highci, but the iclationship between the compounds re- 
mamed the same Just as in the studies with yeast, the addition of largei 
V amounts of biotin pievented the inhibitoiy action on L casci of all these 
compounds The lelative antibiotin activities of the (//-imidazohdone 
aliphatic acids for L casci and Saccharomyces cercnswi aie tabulated in 
Table T 

That desthiobiotin is equally as effecti\e as biotm m stimulatmg the 
giowth of Saccharomyces cerevisme has already been reported (7) and 
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confirmed (8, 9) The imidazolidone aliphatic acids Mere much more 
effective m mhibitmg the yeast growth when desthiobiotm w^as the stimu- 
lant than when an equal amount of biotm w as used The molai inhibition 
ratios of these compounds to desthiobiotm w ere as follows imidazohdone- 


TABIiE I 

Relative Anlibiotin i.ctiiittes of hmdazoltdone Aliphatic Acids 


Compound i 

Molar inhibition ratio* 

S cerevtstae 

L caset 

(fi-Imidazolidonecarboxylic acid 
dhlmidazolidonevaleric acid 
df-Imidazohdonecaproic " 
dl-Imidazohdoneheptanoic acid 
dJ-Imidazolidoneoctanoic “ 

Inactive 

>37,000,000 

850,000 

1,700,000 

2,000,000 

Inactive 

52.000. 000 
100,000 

1,600,000 

10.000. 000 


* These molar inhibition ratios represent average \alues from several experiments, 
they are reproducible b ithin 20 per cent 



Fig 3 Yeast groivth inhibition curves showing the antagonism between imida 
zolidone aliphatic acids and desthiobitin Curve ICA, imidazolidonecaproic acid, 
Curve IE[A, imidazolidoneheptanoic acid, Cune lOA, imidazolidoneoctanoic acid, 
and Curve R^'A, imidazolidonevaleric acid 

valenc atid 1,340,000, imidazolidonecaproic acid 3000, imidazohdone- 
heptanoic acid 100,000, and imidazolidoneoctanoic acid 270,000 The 
inhibitorv' effects of these compoimds on the grow th of yeast when desthio- 
biotin was the stimulant are illustrated by the curves of Fig 3 When 
the data of Fig 3 are compared wuth those of Fig 1 , it wall be noted that 
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the imidazolidoiie aliphatic acids are many tunes more effective agamst 
destluobiotin than agauist biotin for the growth of Saccharomyces cerevistae 
Agaui, miidazohdoiiecapioic acid is the most active 
The antagonism between the imidazohdone aliphatic acids and desthio- 
biotm vith lesultant mhibition of }'east growth can be prevented by the 
iddition of more desthiobiotm 0 034 y of desthiobiotm was lequired to 
counteiact half-vay the toxicity of 5 y of imidazohdonecaproic acid, 
0 0012 and 0 00045 y lespectively of desthiobiotm weie lequued to coun- 
teract half-v aj'’ the toxicity of 50 y of umdazohdoneheptanoic and imida- 
zohdoneoctanoic acids, vhereas onlj’’ 0 001 y of desthiobiotm was necessary 
to counteract half-v ay the toxicity of 500 y of imidazohdonevalenc acid 
Imidazohdonecaproic acid vas also tested for its antibiotm effect on 
types I, II, and III pneumococci The pneumococci were grown m the 


Table II 

Inhibition of Groulh of Pneumococci by Imidazohdonecaproic Acid 


Imidazolidonecaproic acid 

Growth of pneumococci* 

Type I 

Type 11 

Type ni 

mg 

0 

150 

138 

92 

0 


137 

91 

0 01 

148 

129 

97 

0 1 

147 

108 

44 

0 4 


15 

32 

1 0 

141 

9 

21 

2 0 

143 

4 

22 

1 0 -f 0 5 T biotin 

142 

134 

86 


* In colorimeter turbidit\ units 


synthetic medium described by Badgei (10), to which 20 pei cent of 
beef heart mfusion bioth vas added In this medium the grovth of the 
organism was bettei than m either the s 3 Tithetic medium oi the mfusion 
broth alone Poi the inoculum, 0 2 cc of an 8 hour culture in blood-broth 
medium v as transferred to 5 cc of the semisynthetic medium and meubated 
for 7 houis 0 2 cc of this culture was used as the moculum per 5 cc of 
medium, which contamed varymg amounts of imidazohdonecaproic acid 
The growth after 12 hours was measured m a Klett-Summerson colorimeter 
and IS expiessed as colorunetei turbidity units The results of one such 
experiment are recorded m Table II In this medium, which was found bj 
microbiological assay to contam 0 005 y of biotm per tube, imidazohdone- 
caproic acid mhibited the growth of types II and III pneumococci undei 
these conditions, but had httle effect on t 3 qie I Whenever this compound 
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inhibited the giowth of pneumococci, the addition of laigei amounts of 
biotm prevented the mhibition 

Imidazohdonecapioic acid mhibited the gioivth of EschencJna cok nhen 
gionm m the sjmthetic medium desciibed by Kalmanson and Bionfen- 
brenner (11) Biotm agam nullified tins mhibition 

Avidin-Combinmg Ability of Imidazolidonc Aliphatic Acids — In con- 
fonnitj'- vith the hypothesis that the uiea grouping of biotm is essential 
for the combmation of biotm nith a\idm (12), the jeast gionth activity 
of desthiobiotm was also mhibited by avidm (7) Since a lepioducible 
stoichiometncal relationship evists between avidm and biotm (13), it 
was possible to test lanous compounds for then ability to block the 
mtei action between avidm and biotm Smee a given amount of avidm 
can lemove a definite amount of biotm, as measured bj”^ dimmished yeast 
growth, it should follow' that a compound which can combine wuth avidm 
will be able to block, to a certain degree, the combination of biotm with 
avidm, leavmg more biotm for yeast giowth On this basis, the imida- 
zohdone aliphatic acids were tested foi then ability to combine with 
avidm by addmg them to tubes contammg avidm, allowang a ceitam time 
interval foi inteiaction, andi then addmg biotm to the mixture The 
yeast giowth m the tubes contammg the imidazohdone aliphatic acid, 
ai idin, and biotm w as then compared w ith the grow'th m tubes containing 
only avidm and biotm It was thus possible to deteimme the mciease m 
yeast gi ow th, and hence the ai ailable biotm, m the tubes contammg the 
\anous imidazohdone aliphatic acids Prelimmai’y experiments of this 
tjTie have indicated that the avidm-combmmg activities of the imidazoh- 
done aliphatic acids i aiy m the same mannei as then antibiotm actn ities, 
imidazohdonecaproic acid havmg the stiongest affinitv for avidm and 
imidazolidonevalenc acid the w eakest 

DISCUSSION 

It IS of Intel est to note that m each type of activity so far demonstrated 
foi the imidazohdone aliphatic acids imidazohdonecapioic acid is the most 
active Imidazohdonecaproic acid has the same length side cham is 
desthiobiotm and differs from it only in the absence of the termmal methyl 
gioup Shoitenmg the ahphatic acid side cham to valeiic acid maikedlj 
reduces the antibiotm and avidm-combmmg activity of the unidazolidone 
ahphatic acid 

Imidazohdonev alenc acid, which had been leciystalhzed seveial times, 
ongmally stimulated the growth of yeast (2) The small amount of 
yeast grow th-promotmg activity (0 0017 pei cent that of biotm) of this 
compound made one suspect contammation Since the imidazohdone- 
valenc acid did not stimulate the giowth of Laclobacilhis casei, its activity 
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could not be due to biotin Houever, if biotin contamination arose some- 
A\here m the s>mthctical steps piior to the treatment with Raney’s nickel 
catalj'st, any trace of biotm would be converted to desthiobiotm, which 
might then be retamed as a contammant m the imidazolidonevaleric 
acid prepaiation Smce lecrystallization did not lower the yeast grow^th- 
promotmg activity of the imidazolidonevalenc acid, it w as cleaved to the 
correspondmg diammoheptanoic acid sulfate and was resynthesized from 
the latter with phosgene This res 3 mthesized preparation of imida- 
zolidonevaleric acid W'as mactive as a stimulant for yeast growth At 
high concentrations (2 to 4 mg per 7 cc ), imidazolidonevalenc acid 
slightlj'’ mhibited the growth of both Laclohacillus casei and Saccharomyces 
cerevisiae 

Lengthenmg the aliphatic side chain of the imidazohdone ahphatic acid 
to heptanoic or octanoic acid likewise progiessively diminishes the anti- 
biotm and amdin-combming activities, but not neaily to the same extent 
as shortening the chain by 1 carbon 

These data show ing that imidazohdone ahphatic acids have the abihty 
to interact wnth avidm furthei emphasize that the cychc uiea groupmg is 
important m the biotm-avidm lelationship 

The fact that imidazohdonecaproic acid does not support giow'th m the 
absence of biotm might mdicate that Saccharomyces cerevisiae, strain 139, 
cannot mtioduce the methyl gioiip to fonn desthiobiotm under these 
conditions ‘\ATien fiom 0 5 to 10 y of imidazohdonecapioic acid are added 
to yeast cultuies w Inch contam 2 X 10"^ r of biotm pei 7 cc , the growth of 
veast IS gieatlj' stimulated above the growth obtamed from 2 X 10“* -y of 
biotm alone The cunes of Fig 1 illustiate this effect 2 X 10^ y of 
biotm stimulated yeast grow th to a level of 101 colorimetei tuibidity units, 
wlieieas with 1 y of imidazohdonecaproic acid piesent in addition to the 
biotm the yeast giowth reached a level of 155 colorimetei turbidity umts 
This amount of j^east giowth is equivalent to 3 7 X 10*^ y of biotm, 
although only 2 X 10"* y were added Whethei this mcrease m yeast 
growdh stimulation is due to sjm thesis of desthiobiotm fiom imidazohdone- 
caproic acid remams to be determmed The relative mcrease in apparent 
biotm activity due to added imidazohdonecaproic acid is greater when the 
yeast grow's m an optimum growth medium than w^hen it growls m a more 
deficient medium The mcreased biotm activity of a given amount of biotm 
due to added miidazohdonecapi oic acid could also be the result of better utih- 
zation of the biotm piesent 


SUMMARY 

A senes of foui unidazohdone ahphatic acids has been found to be 
antibiotms for Saccharomyces cerevisiae, Fleischmann strain 139, and 
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Lactobacillus casei Imidazolidonecaproic acid was the most potent of this 
senes, while imidazohdonevalenc acid was the least active As the side 
chain Avas lengthened from caproic acid to heptanoic and octanoic acids, 
the antibiotm activity decreased The antibiotm activity ivas counter- 
acted m every case by the addition of biotm 
Prehmmary expenments have mdicated that the avidm-combinmg 
abihties of the imidazohdone ahphatic acids vary m the same manner as 
their antibiotm actnuties 

Imidazohdonecapioic acid also inhibited the growth of types II and III 
pneumococci and Escherichia colt 

The imidazohdone ahphatic acids were much moie potent mhibitors of 
yeast growth when desthiobiotm vas the growth stimulant than wdien 
biotm w as the stimulant 

The authors are mdebted to Mrs Glenn Ellis, Miss Rachel Jew ett, and 
Mrs Margaret Sherw'ood for cairymg out the microbiological tests 
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Microbiological methods for the assaj' of lysine (1-10), including the 
use of decarboxj'lase (3, 7) and a mutant of Neuiospora (8), have been 
reported by several investigators 

In the vork now presented, it was found that when the same medium 
and oiganism (Laclohaalhts arabinosus 17-5) as previously emploj'-ed for 
raethionme assaj (11) vere applied to lysine a satisfactory curve could 
not be developed because of high blank \ allies That these values were 
not caused bj'’ tiaces of lysine associated inth any of the other amino 
acids m the basal medium iias shoira by the fact that satisfactory blanks 
were obtained vhen Leuconosloc mescniei otdes P-60 (2) was used Oui 
failure to obtain a satisfactory cunm vith Larldbacillus arabinosus is 
ascribed to an mterielationship between lysine and pyridovine as shown 
by Stokes and Gunness (12) and Snell (13) 

The standard cuiwe employed for the lysine assays was piepared bj’- 
using Leuconosloc mescnlcrotdcs and the same medium prenously used for 
methionme (11), vath the exception that the amount of n-argimne was 
increased from 96 to 416 mg 


EXPERIMENTAL 

Leuconosloc mesenlcrotdes P-00^ n as used in the assays described m this 
paper 

Basal Medium — Tlie basal medium was the same as that described in 
n previous paper for methionme (11), vath the exception that the amount 
of L-argmine was increased as noted above This mcrease was necessary 
because it raised the titration values at the highei levels of lysine Below 
a level of 40 y, hoivever, the increase had no effect 

Assay Procedure — The procedures followed for the cultures, inoculum, 
and preparation of samples vere identical vith those described for the 
assay of methiomne with Lactobacillus arabinosus, with the exception that 
0 05 N sodium hydroxide v as used in the titration mstead of 0 10 N The 

' Obtained from the American Type Culture Collection, Georgetown Universitj 
School of Medicine, Washington, D C 
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loiver concentiation ivas employed because of the smaller amount of lactic 
acid pioduced by Leiiconosloc mesenteroides 



Fig 1 Lysine curve The abscissa scale represents micrograms of L-lysme 

Table I 


Recovery of Lysine Added to Protein Hydrolysates 


Protein h%droljsaie* 

j L>sme 

In h>dfol>sate* 

Added 

Total 

1 Found 

Reco\eo 


7 

7 

7 

7 

fier cent 

Gelatin 

3 75 

50 00 

53 75 

55 00 

102 


7 50 

50 00 

57 50 

60 00 

105 


11 25 

50 00 

61 25 

62 50 

102 


15 00 

50 00 ! 

65 00 

67 00 

103 

Egg albumin 

j 5 93 

10 00 

15 93 

15 0 

94 3 


11 86 

10 00 

21 86 

22 5 

103 


17 79 

10 00 

27 79 

27 5 

98 


23 72 

10 00 

33 72 

33 5 

99 

Edestin 

3 01 

10 

13 01 

12 50 

96 


3 01 

20 

23 01 

22 50 

98 


3 01 

30 

33 01 

33 50 

101 


3 01 

40 

43 01 

43 30 

101 


3 01 

60 

53 01 

53 00 

100 


* Uncorrected for moisture and ash 


Preparation of Lysino Standaids — L-Lysme solutions ranging in concen- 
tration from 5 to 100 7 per ml Mere used m prepanng the standard curve 
(Fig 1) The titiation values on this curve Mere not altered by the 
addition of 1 2 mg of any of the nmeteen ammo acids to the medium 
Eccovery of Ij^sine added in different proportions to hydrolysates of 
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gelatin, egg albunnii, and odcstin gave results veil v ithm the expenmental 
error foi tins (\pe of (Table I) 


Table II 

Lystnc Conlcnl of Some Piotcni-i and loads Determined at Different Assay Leieh* 


rrotcin !!■! aj lev cl 


Lysine found 



^\holc ^^hcat 

^\holc rye 

Whole com 

PhascoUn 

j Cottonseed flour 

y 

7 

per cent 

y 

per cent 

y 

Per cent 

y 

Per cent 

y 

per cent 

100 







6 50 

6 50 



200 







13 00 

6 50 

5 30 

2 65 

300 







19 50 

6 50 



•too 







25 70 

6 43 

10 60 

2 65 

500 

2 20 










GOO 









15 00 

2 50 

700 











800 









20 00 

2 SO 

000 











1,000 


ilEI 

WKUj 

0 25 







1,500 


119 


0 27 







2,000 

«i!ii 

iiy 


0 27 

7 00 

0 35 





2,500 

11 30 

0 45 

0 50 

0 26 

9 50 

0 38 





5,000 


0 43 

14 50 

0 29 

19 50 

0 39 





7,500 



22 00 

0 29 

29 00 

0 39 






42 00 

0 42 


0 30 

36 80 

0 37 





tverage 


0 42 


0 27 


m 


6 48 


2 58 


* bncorrected for moisture and ash 


Table III 


Reproducibility of Lysine Content When Determined by Sepaiate Assays* 


"Material I 

Assay 1 

Assay 2 

Assaj 3 

A\ erage 


per cent 

per cent 

per cent 

per cent 

Arachm 

2 30 

2 50 

2 20 

2 33 

Conarachin 

4 50 

4 40 

4 41 

4 44 

Whole wheat 

0 41 

0 43 


0 42 

" rye 

0 34 

0 38 


0 36 

Peas, black-eyed 

1 49 

1 55 


1 52 

Egg albumin 

5 73 

5 93 

1 

5 83 


* Figures not corrected for moisture and ash 


Table II shovs \alvies found for phaseolin and several foods determined 
at different assay levels Data on reproducibility of the amount of Ksine 
found in a numbei of matenals uben determined bv separate assa3s are 
given in Table III 
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Table IV 


Lysine Content of Some Proteins and Foods (Percentages Calculated for Ash- and 

Moisture-Free Material) 


Material 

K 

Lj-sine 

Values from literature 

Araehm 

Per cent 

IS 30 

per cenl of food 

2 72 

2-4 (14), 4 5 (14), 1 83 (15) 

Casein 

16 07 

8 20 

8 3 (2), 8 1 (3), 7 7 (4), 7 6 

Conaracbin 

18 20 

4 69 

(5), 7 6 (6), 7 7 (7), 8 3 
' (10), 5 4 (16), 8 7 (17), 
6-8 (18) 

7 0 (14) 

Cottonseed globulin 

18 00 

4 15 

4 90 (19), 2 25 (20) 

Coconut globulin 

17 42 

4 37 

Edestin 

18 55 

3 23 

2 32 (14), 3 90 (21) 

Ovalbumin (crystalline) 

15 98 

6 32 

6 6 (4), 6 0 (5), 6 3 (8), 5 0 

Gelatin (Bacto) 

IS 32 

4 44 

(14) 

5 8 (4), 4 1 (6), 6 9 (8), 5 04 

Glj'cimn 

17 30 

6 90 

(14) 

Lactalbumin 

15 39 

10 80 

8 4 (6), 9 6 (14), 9 87 (22) 

Peanut, total globulins 

18 01 

3 50 

11 4 (23)* 

Phaseolm (nai’y bean) 

16 07 

7 20 


0\ muscle 

16 00 

10 00 

7 9 (6), 8 1 (24) 

Wheat bran globulin 

17 76 

4 15 


Zein 

16 00 

0 21 

0 06 (3), 0 00 (14) 

Barley , pearled 

1 86 

0 28 

0 26 (9) 

Brazil nut meal 

9 03 

1 SO 


Corn, whole yellow 

2 22 

0 32 

0 44 (9), 0 40 (14), 0 35 (14), 

“ germ, defatted 

3 93 

1 45 

0 14 (25) 

1 41 (14) 

Cottonseed flour 

10 36 

2 92 

2 42 (9), 1 76 (14) 

Egg, whole, dried 

8 11 

4 00 

3 04 (14) 

IMilk, dry , skim 

6 57 

2 91 

3 57 (4), 2 90 (9), 3 41 (10), 

Oatmeal 

2 73 

0 51 

3 11 (14) 

0 57 (14), 0 22 (26) 

Peanut flour 

10 15 

1 92 

1 91 (14), 1 93 (14) 

Peas, black-ey ed 

4 15 

1 70 


Rice, nhite 

1 26 

0 22 

0 34 (27), 0 24 (27) 

Ry e, whole 

1 98 

0 41 

0 51 (4), 0 41 (9) 

Soy bean flour 

8 85 

3 97 

3 72 (3), 3 01 (4), 3 72 (9), 

Wheat, whole 

3 07 

0 48 

3 01 (14) 

0 54 (4), 0 47 (9), 0 51 (14) 

“ germ, defatted 

6 50 

2 52 

2 24 (14), 1 13 (28) 

Yeast, dried, brewers’ 

7 71 

3 50 

3 OS (4), 3 03 (14) 


* For p lactoglobulin bj isotope dilution method 
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The lysine values (Table IV) found foi the pioteins and foods® assayed 
agree quite veil vith those repoi led foi the same materials by others usmg 
diffeient miciobiological methods Consideiable disci epancy exists, hov- 
e\ ei , betw ccn several of them and those detei mined by chemical procedures 
The values now lepoited have been collected foi inoistuie and ash Al- 
though the ash content of the isolated proteins is Ion, that of the foods, 
hovever, is consideiable, as ilhi«tiated in Table V 
Values lepoiled foi the same proteins by diffeient voikeis are not 
ah\ ays comparable because of differences m nitiogen content of the proteins 
assayed Since the nitiogen content of the proteins is not given in many 
instances, it is not possible to conect the I 3 sine values to the nitiogen con- 
tent given in the second column of Table IV Foi example, values for 
casein vere detei mined on Labco casein, a product vxarjung in mtrogen 


Tabi-e V 

Moislitrc and Ash Content of Some loads 


1*00(1 

1 

Moisture 

Ash 



ftr cent 

Brazil nut meal 


9 77 

Corn germ 


7 96 

Cottonseed flour 


5 99 

Egg, vholc, dried 

! 7 18 

2 92 

Milk, drj , skim 

5 99 

7 42 

Soj bean flour 

5 07 

6 12 

Wheat germ 

6 76 

4 75 

least, dried, brewers’ 

6 82 

4 71 


content vathm a lather vide range If the mtrogen contents v’^ere given, 
the lower values for Iv'^sine might well agree moie closely vnth the values 
here reported when lecalculated to an ash- and moistuie-free basis and 
16 per cent mtrogen content In the case of foods, when the nitrogen con- 
tent was given, the lysme v allies liav'e been corrected to the nitiogen content 
shovm m Table 


SUMMARV 

A imciobiological method is described foi the determmation of lysme 
in proteins and foods with Leuconostoc mcscnleroides The lesults of assaj's 
on thirtj’^-one proteins and foods agree closely v ith those obtamed on the 
same materials by other microbiological methods 

~ The sources and preparation of the samples assayed are gii en in a previous pub 
lication on the determination of methionine (29) 
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I PREPARATION OF SPHINGOLIPIDES FROM BEEF BRAIN 

SPINiU, CORD 

B\ HERBERT E CARTER, WILLIAM J HAINES, f W E LEDYARD.J and 

WILLIAM P NORRIS§ 

(From the Division of Biochemistry, Noyes Laboratory of Chemistry, University of 

Illinois, Urbana) 

(Recei\ ed for publication, March 24, 1947) 

Nerve tissue contains a high concentration of hpide material of an ex- 
tremely complex nature Among the hpide constituents there are at least 
three, the cerebrosides (1), sphmgomyehns (1), and ganghosides ( 2 - 5 ), 
which are derivatives of the orgamc base sphmgosine Sphmgosine also 
may be present m other compounds ( 6 ) iVs a mattei of convenience it is 
proposed that the term sphingohpide be used to designate these substances 
Several 3 ears ago v 0 reported prebrnmar}-^ data mdicatmg that the cur- 
rently accepted foimula foi sphmgosine v as probably mcorrect (7) These 
results V ill be described m greater detail latei It is the puipose of this 
paper to present the methods we have found most suitable foi the prepaia- 
tion of large quantities of sphingohpide 
The only practical source of the sphmgohpides is biam 01 spinal cord, 
although the 3 ’’ occur m blood, liver, kidney, spleen, and other organs m 
small amounts Biam is repoited to contain 2 5 to 3 0 pei cent of ceiebro- 
side (8-11) and 1 0 to 1 3 pei cent of sphmgomyehn (9, 12, 13) Theie is 
httle specific mformation m the hterature concermng the lipide composition 
of spinal cord Frankel and Lmnert (14) indicated that beef spmal cord 
contains only 66 pei cent v atei and that 80 pei cent of the solid material is 
hpide m nature, each of these observations is encouragmg fiom a prepara- 
tive standpomt Hovever, Schuwirth (15) repoited that human spmal 
cord contams 75 per cent of n ater and onl 3 ’' 1 3 and 0 7 pei cent respectii'eh" 
of cerebroside and sphmgomyehn At any rate, it seemed desirable to in- 
vestigate both biam and spinal cord as a possible source of sphmgohpide 
A lanety of methods have been described for isolatmg sphmgohpides 

* The authors i\ish to e\press their deep appreciation to The Upjohn Company for 
a fellowship in support of this n ork and to Armour and Companv for supplnng them 
With large quantities of fresh beef brain and spinal cord 

t Present address. The Upjohn Company, Kalamazoo, Michigan 
J Present address, Medical Corps, U S N R , United States Naval Hospital 
Bethesda, Maryland 

§ Upjohn Company Fellow, 1941—43 Present address. Biology Divnsion, A.rgonne 
National Laboratory, Chicago, Illinois 
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from nerve tissue but practically all im olve (1) dehydration of the fresh 
tissue, (2) extraction of the glycerophosphatides, and (3) extraction of the 
cerebrosides and sphmgomyelms, either smglj’’ oi in one fraction Dehy- 
dration of the tissue has usually been accomphshed vith acetone (16-18) or 
ethanol (19-21) Cholesterol, neutral fat, and small amounts of other 
hpides are also removed by acetone Lecithm and cephalm have been ex- 
tracted with petroleum ether (18, 22-24) or ether (8, 16, 20, 25), m which 
the sphingohpides are relatively insoluble The residue is a hght brown, 
fnable, leasonably stable powder 

A vanety of solvents have been employed in extractmg the sphmgohpides 
from this material Hot ethanol (85 per cent (8, 16, 19) or absolute (20, 
26, 27)) lemoves both cerebrosides and sphmgomyehns IHenk (18) em- 
ployed hot acetone m a contmuous extraction apparatus (the solubility of 
sphmgohpides m this solvent is small) Rosenheim (22) removed the cere- 
brosides ivith cold pyridme and the sphmgomyehns with hot pjTidme 
Page (24) proposed the use of tetrahn as the extractmg agent Levene (26) 
preferred an alternative method m which dehydrated beef bram was ex- 
tracted directly with hot alcohol The precipitate obtamed on coolmg the 
extracts (so called “white matter” or “protagon”) was treated with ether to 
remove lecithm and cephahn 

We have tested vanous combmations of these procedures m w orkmg up 
several hundred pounds of fresh beef brain and spmal cord Acetone is the 
most convement dehydratmg agent It is essential that the tissue be 
thoroughly desiccated, since the solubihty of sphmgohpides m ether or 
petroleum ether (21) is greatlj" mcreased by small amounts of water Ether 
IS somew hat more satisfactory’- than petroleum ether for removing lecithm 
and cephahn Sphmgomyelm and some cerebrosides aie also extracted and 
may be partially recovered by coohng and centnfugmg the ether solutions 
However, it was discovered that if the ether extraction is carried out below 
25° the loss is small and it is not economical to attempt reco-very 

In our hands neither pyridme or tetralm proved to be satisfactory sol- 
vents for extractmg the sphmgohpides With tetrahn the yield was poor 
Pywidme gave a somewhat better yield but it is an mconvement and ex- 
pensive solvent for large scale W'ork The use of ethanol proved highly 
satisfactory (95 per cent is superior to 85 per cent), givmg excellent yields 
of good quahtj product By the piocediire finally adopted 45 4 kilos (100 
pounds) of fresh beef bram gav e 11 to 12 kilos of acetone-extracted material, 

6 5 to 7 5 kilos of acetone-ether-extracted pow der, and 1300 to 1 600 gm of 
crude sphmgohpide, which still contained some lecithm and cephahn 
These results agree reasonably well with those of Rosenheim (22), Klenk 
(18), and Loenmg and Thierfelder (25) Calculated on a cerebroside con- 
tent of 3 per cent and a sphmgomyelm content of 1 2 per cent, 45 4 kilos of 
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flesh beef biain should gn e 190b gm of splimgohpide The ether extracts 
presumably contam the majoi poition of the unrecoveicd material 
In processing spmal coid bj’’ this method, surpiismgly bettei lesults iveie 
obtamed The jield of crude splimgohpide fiom 45 4 kilos of spmal cord 
ranged fiom 2200 to 2500 gm , compaied to 1300 to 1000 gm with bram 
Furthemiore, tiic spmal coid product was an almost iihite, ciisp solid, 
11 hereas the matei nl fi om bram ii as light bi on n and less granular Com- 
plete cercbioside ind sphingomyelin analyses on the imrious fiactions from 
a 45 4 kilo inn of spmal cord slioned that the 2582 gm of crude sphingo- 
hpide obtained consisted of 1S38 gm of cerebioside, 606 gm of sphmgo- 
myehu, ind only 138 gm of other material Foi our puiposes spinal cord 
has still another adi aiitage oi cr bram The sphmgohpides obtamed from 
spmal cord can be used directly in the preparation of sphingosme, whereas 
crude sphingolipide from biam must be recrystalhzed from glacial acetic 
acid to remove material ndiich othei wise decomposes duimg the hydrolysis 
and interferes with the isolation of sphmgosme * 

The procedure desciibed below is similar to that of Loemng and Thier- 
felder (25) and represents the expeiience acquired m processmg 600 pounds 
of brain and 2000 pounds of spmal cord 

EXPERIMBNTAD 

Preparation of Tissue — Beet bram and spmal cord were obtamed through 
the generous assistance of Dr Porsche of Aimour and Company They 
ivere removed in the afternoon, fiozen, and shipped so as to leach our labo- 
ratones the next mormng In this way we veie assmed of havmg fresh 
material In the early part of our work, the tissues were thaved, peeled, 
and ground in a small laboiatory mil! It was subsequently found that a 
100 pound lot of frozen material could be ground directly to a soft paste in a 
commercial sausage grmder This process is much moie convenient, es- 
pecially for large scale prepaiative work 
Smee both bram and spinal cord were worked up m the same manner, 
only one typical experiment will be desenbed 
Dehydration with Acetone-— 100 pounds of ground spmal coid were placed 
m two 10 gallon crocks and extracted overmght uith 40 hters of acetone 
The mixtuie was stiiTcd occasionally The acetone was removed as com- 
pletely as possible b}'’ decantation and the extraction was repeated m the 
same way with 20 hters of acetone A total of six extractions was made 

^ It seems probable that this material consists mamlj of ganghosides nhich are 
present m bram (28) but not in spinal cord (15), and which ate unstable ton ard vigor 
ous acid treatment Our crude spinal cord sphingolipide contained onb a trace of 
ganglioside as measured by the orcinol test (29) for neuraminic acid, a constituent 
of the ganghosides 
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Bj the foiiith extraction, the majonty of the iiatei had been removed and 
the product had become moie flocculent In the last three extractions the 
acetone was removed by filtration These extiacts contamed large quan- 
tities of cholesterol and only small amounts of vater = The final acetone- 
extiacted matenal vas a bght blown, gummy sohd, veighmg 11 8 kilos 
(range 9 to 12 kilos foi spmal cord, 8 5 to 12 kilos for biain) 

Extraction of Glijcei ophosphatides — The acetone-exti acted lesidue was di- 
Mded between fi%e 12 liter flasks and extracted for 18 hours vith 20 hter^ 
of commeicial diy ether The flasks were cooled to 20-25° under the tap 
and the mixtuie u as stmed occasionally Filtration of the extraction mix- 
ture vas not piacticable, smce evaporation of the ether lesulted in the 
deposition of phosphohpides on the filter To avoid this difficulty a double 
la 3 er of cheese-cloth vas tied over the neck of the flask around a breathci 
tube extending to the bottom of the flask The flasks were then inverted 
and as much ether as possible was diamed off After the third ether ex- 
traction sufficient phosphohpide had been removed to make filtration pos- 
sible Fne ethei extinctions’ w'eie usuallj'^ made although some glycero- 
jiliosphatide still remains in the residue at tlus pomt 

The ethei -extracted residue was air-dned, giving 5 7 kilos (lange 5 2 to 
G 0 kilos for spmal cord, 6 0 to 7 5 kilos for bram) of a light brown friable 
matenal, which was moderatelj’" stable on exposure to an and could be 
stored almost mdefimtely for use m the final step 

Extraction of Splnngolipides — The acetone-ether-extracted material (5 7 
kilos) w'as divided equallj'’ among four 12 liter flasks and extracted with 20 
liters of boilmg ethanol (95 per cent) for 10 to 15 mmutes The mixture 
w'as filteied on a large Buchner funnel and the extraction repeated three 
more times The ethanol filtrates weie cooled overmght m an ice box and 
the precipitated sphmgohpides were removed bj’- filtration, washed once 
with acetone, and air-dned The product was a white powdeiy matenal 
weighing2275 gm (range 2000 to 2500 gm for spmal coid, 1300 to 1600 gm 
for brain) 

In view of the few data in the htei atui e on the composition of the sphmgo- 
hpides of spmal cold, masses were made on each of the fractions from a 
100 pound portion wluch was processed bj’- the above proceduie wuth the 
following exceptions The ether extractions were made at room tempera- 
ture and each of the extracts w as cooled to 0° and the precipitated material 

2 The acetone was recovered from the extracts by saturating them with salt, 
separating the supernatant liquid, and distilling it through a fractionating column 
The last three extracts were worked up separately from the first 

sTlie ether extracts on cooling in an ice bath deposited matenal containing 
sphingolipides However, the jneld was not large and the product was brown and 
somewhat stickv For preparative work it is more economical to discard the ether 

extracts 
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ienio\od b\ ccntufug.Uioii J'lie cl hanol-e\ti acted lesidue was furtliez ex- 
tracted A\itli 15 \ 01111110“^ of 1 1 metlnnol-chloiofomi at zoom teizaperatuze 
This solution i\ is conccnti ited undci leduced piessuze and the zesidue iias 
washed sc\enl tunes witii acetone, guuig a blown, somewhat stickj’^ pow- 
der Each of the hpide fiactions thus obtained was analj’-zed foi ceiebio- 
Mde, sphingoniyehn, nitiogen, ziid phosphorus Ceiebroside was de- 
termined by the method of Biand and Speii-j ("30) with the gaIacto=;e 
pioceduix! of Miller and ^kall Rlyke (31), sphingomyelin b3^ the method of 
Thannluuser and coworkers (32-34) as modified bj Eiicicson el al (35) 
The lesiilts of this studj aie summanzed m Table I The total yield of 
cerebroside was 4 2 pei cent of the fresh weight of the spinal coid, the i leld 


T^bce I 

Compostltu7i of Lipulc I lacliom Obtained ft otn 4S 4 Kilos of btesh Beef Spinal Cotd 


Extract 

j W eight 

Cerebroside 

Sphingomjelin 




gm 


percent 

snt 

Per cent 

gw 

percent 

Per cent 

Ether 1 

335 

8 

59 

5 

200 

30 

3 

102 

2 

06 

1 

43 

II 2 

142 

8 

52 

5 

75 

33 

7 

48 

2 

09 

1 

61 

“ 3 i 

79 

1 

67 

5 

53 

35 

2 

27 

2 

OS 

1 

54 

'* 4 j 

40 

5 

58 

6 

24 

33 

6 

14 

2 

17 

1 

37 

Ethanol 1-3 

1418 

7 

74 

1 

1051 

PM 

4 

290 

2 

11 

0 

98 

“ 4 

270 

7 

85 

0 

230 

18 

El 

49 

2 

00 

0 

69 

“ 5 

136 

2 

73 

5 

100 

1 

El 

19 

2 

13 

0 

62 

“ 5a* 

158 

7 

66 

3 

105 

1 36 

2 1 

57 , 

2 

20 

1 1 

34 

Methanol-chloroform 

215 

0 

31 

S 

68 

8 

6 

18 

2 

32 

1 

09 

Ether, total 

598 

2 



1 352 



j 191 





Ethanol, total 

1984 

3 



1486 



415 





Grand total 

2797 

5 



1906 



624 






* This fraction was obtained by concentrating and cooling the combined ethanol 
filtrates 


of sphmgomj''elm was 1 37 pei cent The high cerebioside content of the 
ethanol fiactions makes this material especiallj’^ suitable for the preparation 
of sphmgosme The methanol-chloioform extinction lemoi ed onh^ a small 
amount of pooi quality mateiial and is not a practical process foi prepaia- 
tiye work 


SUMMARX 

A studj' was made of the various proceduies leported foi the isolation of 
ceiebroside and sphmgomyehn from nerve tissue B3' the procedure finalh 
adopted 100 pounds of fresh beef bram 3rielded 1300 to 1600 gm of a crude 
sphingomyelm-cerebroside mixtme, 100 pounds of beef spmal cord ga\c 
2200 to 2500 gm The latter material is more satisfactor3^ for the prepara- 
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tion of sphingosme Cerebroside and sphingomyelin aiialj'ses are reported 
for the hpide fractions from 100 pounds of spinal cord 
It IS pioposed to designate those Iipides derived from sphingosme as 
sphmgolipides 
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STUDIES ON THE REACTION OF CERTAIN CAROTENOIDS 
WITH ^VNTIMONY TRICHLORIDE* 

B\ R M JOHNSON and C A BAUMANN 

{From the Department of Bioehcmistry, College of Agriculture, University of 
Wisconsin, Madison) 

(Received for publication, February 4, 1947) 

Since both carotene and vitamin A jneld a blue color v ith SbCL, attempts 
to determine the vitamin quantitatively m a mixture depend, among other 
things (1,2), upon the accuracy with vhich the blue color due to carotene 
can be estimated '\^alues published for the blue equivalent of carotene 
range from 3 5 to 13, calculated as micrograms of apparent vitamm A pei 
100 y of carotene (3) This discrepancy does not result in seiious errors m 
the analj sis of mixtures relativel 5 ’’ rich in vitamin A, but m materials such 
as eggs, concentrates for animal feedmg, or aliquots of mixed human diets 
the blue color from carotenoids may constitute a major fraction of the total 
absorption, and hence the proper evaluation of this component becomes 
cntical The color due to vitamin A leaches maximum mtensity m 2 to 5 
seconds after the addition of a SbCL reagent (4), nhereas that from the 
carotenoids forms more slowly (5-7) and vanes mth the pigment Con- 
centrates from summer butter have been observed to react more slowly 
than those from winter butter (8) The present study deals mth vanations 
m the intensity and rate of formation of the blue color when SbCL reacts 
with denvatives of carotene It has been recognized that extraction and 
sapomfication procedures normally employed in analyses may result m 
either an oxidation or isomenzation of the pigment (9-12) 

Methods 

Solutions of carotene from various sources were analyzed for both caro- 
tene and apparent vitamin A by standard colorimetnc procedures Deter- 
minations Here made on fresh material and on carotene that had been 
exposed to oxidation or to isomerization The pigment was dissolved in 10 
ml of redistilled chloroform and the mtensity of light v as measured through 
a 440 Tap filter in an Evelyn photoelectric colorimeter The gah anometer 
leadmgs weie conveited to microgiams of carotene by multiplying the L 
values by the factor 3 35 For the determination of blue values the 

* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station This investigation was aided by grants from the Wisconsin 
Alumni Research Foundation and from the Jonathan Bmvman Fund for Cancer 
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solutions Mere treated Muth SbCU, as in the determination of vitamin A (4), 
and a drop of acetic anh3dride M’as added routmely to all tubes to pi event 
tuibidity Galvanometer readmgs w-'ere measured through a 620 m/i filtei 
at mteivdls of 5 to 10 seconds and the apparent vitamin A ivas calculated 
fiom the maximum intensity of the blue color attained by multipl3un^ the 
appiopriate L values by 1 33 (13) Thus the apparent vitamin A foi an}' 
caiotenoid repiesented the collection factor that would have to be applied 
to the total blue color m a determmation of vitamm A in mixtuies 

EXPEHIMENTAI, 

Blue Color from Carotene or Carotene Fractions from Guide Materials — 
Caiotenoids from fresh vegetables were extracted repeatedly ivith 95 pei 
cent ethanol m a Waring blendor, dried feeds iveie exti acted vith a mixtuie 
of ethanol and Skellysolve B (b p 64^68°) The extracts m ere saponified 
with alcoholic KOH, the pigment ivas transfeiied to peti oleum ethei 
(Skeltysolve B or Skellysolve A (bp 34-37° )), and the xanthoph^lls neie 
lemoved ivith 85 pei cent ethanol The peti oleum ethei solution vas then 
ei'apoiated to dryness under a vacuum without heating and the pigment 
taken up in CHCU 

On tieatment mth SbCh the pure caiotene developed a maximum coloi 
■within 10 seconds and then faded lapidly The appaient vitamm A value 
of the solution ■was 5 7 pei 100 7 of carotene (Table I) The carotene frac- 
tion from cairot roots developed a blue coloi at a rate sunilai to that of 
carotene itself (Table I) All other natuial materials anal3'zed, howevei, 
vhethei fresh or dried, yielded carotene fractions ivith abnoimal lates of 
color formation, the maximum mtensity ivas reached only aftei 15 to 120 
seconds Moreover, for all of the crude carotene solutions, mcludmg those 
fiom carrot root, the blue to yellow' values w'ere usuall}' double those foi 
solutions of pure carotene, and m some fractions, e g those m w hich oxida- 
tion had taken place, the values rose to 52 4 (Table I) The abnoimal 
character of the SbCb reaction of the cmde matenals w as not altered bv 
saponifying w ith 15 per cent KOH m ethanol for 30 minutes under a leflux 

Reaction between Oxidized Carotene and SbCh — Commercial carotene, con- 
taimng approximately 15 per cent of a- and 85 per cent of )3-caiotene, was 
dissolved m chloioform or Skellysolve B, and aliquots were permitted to 
evaporate m the air and hght of the laboratory for various lengths of tune 
(Table II) Changes m both the yellow' and blue a alues were determined 
as before On exposure to air the mtensity of the yellow color decreased 
lapidly, 40 per cent had disappeared w'lthin 2 days and 64 per cent by 4 
davs The chromogemc equivalent, hmvever, decreased much less rapidly , 
the loss m apparent vitamm A was only 14 per cent aftei 2 days and 27 per 
cent after 4 days (Table II) The blue to yellow ratio (micrograms of 
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appaicnt Mtamin A pei 100 y of caiotene) therefore mcieased maikedlj’^ 
The 1 ate at \\ Inch the blue color developed v as also abnormal (Table II) , 
vnth the more Inghh oxidized samples CO seconds veie requned foi maxi- 
mum lntenslt^ , and the coloi vas stable foi a long tmie theieaftei The 
late of oxid ition of caiotene ciystals seemed to depend somewhat upon the 
prcMous ticatment of the carotene A caiotene solution that had been 
stored m chloroform foi 13 dajs at 0° deteiiorated much moie rapidly on 
e\apoiation than ones pieviously stored in petroleum ethei (1-1) 

Table I 


Charactcnslics of Blue Color Foimcd with SbCh and Carotene Fi action of Ceitain 

Plant Materials 


Source of carotene fraction 

Apparent 
\ itamin A per 
too y carotene 

Rate of color formation maximum mten-Jitj 

/3 Carotene 

y 

5 7 

5-10 sec , fades rapidly 

Fresh carrots* 

12 0 

Immediately, fades rapidly 

Cooked " * 

16 6 

<( It It 

Dried " * 

11 5 

ft H (t 

Carotene from fresli carrots 

44 5 

“ “ after 2 min 

oxidized 1 day* 



Fresh carrots 

29 4 

“ “ rapidly 

Cooked “ 

13 4 

(t (t tt 

Dried “ 

12 9 

t( tt tt 

Carotene from fresh carrots 

52 4 

“ stable over 2 min 

oxidized 1 day 



Carotene from cooked carrots 

18 3 

After 1 min , faded slowlj 

oxidized 1 day 



Egg mash 

23 1 

“ 2, “ 

Alfalfa meal, dried, 300° 

8 9 

“ 30 sec , faded slowlj 

“ “ sun-dried 

18 7 

“ 90 “ 

“ “ vacuum dried 

12 3 

“ 30 “ “ fairlj rapidlj 

Fresh chard 

7 6 

“ 15-30 sec , faded slowly 

" alfalfa 

9 3 

1 

“ 15-30 “ 


* The carotene extract was not saponified 


separation of unchanged caiotene fiom its oxidation products was 
eftected by treating mg portions of commeicial caiotene that had been 
oxidized foi 24 hours at room temperatuie wath 100 ml of 80 pci cent 
methanol, and warming slightly to facilitate solution After coohng, the 
insoluble portion was removed by filtration m a sintered glass funnel and 
vas w^ashed mth 80 per cent methanol Both the precipitate and filtrate 
were then transferred to chloroform, and yellow and blue determinations 
"eie made as before The precipitate show ed a bhie to yellow i atio, 6 05, 
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very similar to that foi pure carotene, 5 6, and the rate of color formation 
was also that of carotene itself The fraction soluble m 80 per cent meth- 
anol, on the other hand, developed a blue color at an abnormal rate, vnth a 
value of 20 4 7 of apparent vitamin A pei 100 7 of carotene 
In order to determine whether any component of commercial carotene 
was responsible for anomalous Carr-Pnce reactions, the carotene vas ad- 
sorbed out of Skellysolve B solution onto a column consisting of 3 parts of 
Ca(OH)2rand 1 part of Hyflo Super-Cel The developing solvent nas 
Skellys^jkB Three fractions resulted Fraction 1 consisted of a firml\ 
bound l^fr near the top of the column which moved only vei3’^ slovly, but 


Tabee II 

Reaction between Oxidized Carotene and SbCh 


Treatment of carotene 

1 

Carotene 

1 

Apparent 
vitamin A 

Apparent 
vjtamin A 
Per Y 

carotene 

Rate of color formation, maximum 
intensity 

Fresh chloroform solu- 

y Per ml 

199 0 

y per ml 

11 4 1 

nr 

5 7 

10 sec , fades for 2 mm 

tioa 1 

Oxidation of crystals* 1 




1 

1 day, 20° 

131 2 

11 5 

8 7 

15 “ stable “ 2 “ 

2 days, 20° 

119 S 

9 8 

8 3 

30-60 sec , stable 2 imn 

3 “ 20° 

103 3 

9 9 

9 6 

30-60 “ “ 2 “ 

4 " 20° 

71 9 

8 3 

11 6 

60 sec , stable 2 mm 

Chloroform solution 

188 0 

10 7 

6 7 

10 “ fades slonly 

stored 13 days, 0° 
Oxidation of crystals* 


1 

1 


1 day, 20° 

123 6 

11 5 

9 3 

2-5 min , stable 

2 days, 20° 

92,6 

10 6 

11 6 

5-15 “ 

3 “ 20° 

38 8 

8 3 

21 4 

6-15 " 

4 “ 20° j 

17 6 

6 9 

39 2 

5-15 “ 


* The oxidation was earned out by permitting the solvent to evaporate, and the 
crystals to be exposed to the air and light of the laboratory 


Avhich could be developed mto foui or fi\e mmor bands by treatment ivith 
Ske%solve B containing 3 to 5 per cent of acetone Most of these bands 
probably represented oxidation products Fraction 2 vas /3-caiotene, 
Fraction 3 was a-caiotene Eithei the mam bands weie eluted by the 
flovmg chromatogram teclmiques or the zones were separated meehamcallj 
and the pigments eluted mth a mixture of 5 per cent ethanol m Skellysolve 
B The unknown pigments of Fraction 1 developed the Cair-Pnce color 
at an abnormal rate, and the blue to yelloiv ratio v as also higher than that 
for a- or jS-carotene (Table III> Similarly, vhen partially oxidized caro- 
tene was passed through Ca(OH)2, the pigments responsible for the abnor- 








n M JOHNSON AND C A BAUMANN 


87 


nnl reaction m ith SbCls wcie found to accumulate at the top of the column 
(Table Ilf) 

Slcrcotsomcrb of Caiolcuc — ^'I'lie abnormal reaction between the oxidation 
pioducts of cirotene and SbCb raised the question ^helhei steieoisomers of 
caioteiie might not also diffei fiom the all-tians isomei in this lespect For 
the production of stereoisomers (12) solutions containing 0 2 mg of lechio- 
matographed /3-caiotene and 0 004 mg of Ij pei ml of peti oleum ethei uere 
coaered with a Match-glass and exposed foi 1 houi to light fiom a 100 uatt 
incandescent lamp at 20 cm The solution was then ivasli^d f(iur tunes 
with 0 1 m NajSsOs and twice m ith distilled ivatei This crud^soi£erizatioii 
mixtui e yielded appi oximateb' the same intensity of blue per unit of yelloM 
as /3-carotene itself, but the Can-Price reaction was abnoimal m that the 


Table III 

CharactcnsUcs of Blue Color Formalton of Main Components of Commercial Carotene 


Treatment of carotene 

Apparent Mtamin 

A per 100 y carotene . 

Rate of color formation maximum intensity 

Fresh commercial carotene | 

5 6 

10 sec , faded rapidly 

solution 

Fraction 1 

9 9 

2 min, “ 

si only 

" 2, ^-carotene 

5 25 

10 sec , " 

rapidlj 

“ 2, oxidized 1 daj , 20° 

11 6 

2 min , “ 

slowly 

“ 3, a-carotene 

5 13 

15 sec , “ 

rapidly 

“ 3, oxidized 1 day, 20° 

Commercial, carotene oxidized 

10 5 

2 min , “ 

slovly 

18 9 1 

1 “ stable 2 min 

1 daj , 20° 




Fraction 1 

20 5 

5 ‘‘ faded slowly 

“ 2, p carotene 

5 7 

10 sec , “ 

rapidlj 

“ 3, a carotene 

• 

5 1 1 

15 “ 

(( 


blue color Mas stable foi ovei 2 mmutes m contrast to the lapid fading of 
the blue due to all-tians /3-carotene (Table IV) Samples of /3-carotene, 
illummated and extiacted as before but not exposed to iodine, yielded a 
normal Cair-Price reaction 

For the separation of the stereoisomeis 50 mg of ciystalline ^-caiotene 
were isomerized, the solution M^as M'ashed as before, and the lesultmg mix- 
ture chromatographed on a percolator tjqie column 90 mm (top) X 270 
I'lni The adsorbent consisted of a mixture of 3 parts of Ca(OH )2 (Merck) 
and 1 part of Hyflo Super-Cel The chromatogram M'as developed Muth a 
0 5 per cent solution of acetone in Skellysolve B, Muth the separation of 
neo-/3-carotene U, /3-carotene, neo-fi-carotene B, neo-/3-carotene E, and 
several othei umdentified minor bands The bands M'ere lemoved mecham- 
cally, and the pigments eluted from the adsorbent with a 5 per cent solution 
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3 Most steieoisomeis of jS-carotene reacted with SbCh somewhat moie 
slowly than the natuial all-trans isomer, and the blue to yellow latio was 
also mcreased shghtly 
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The piorluctioii of se\eial mutant strains of Eschericlna coli ■«hich le- 
qiiire foi i^iowth an exogenous souice of particular ammo acids (1) has 
made possible a stud\ of the manner m ■nhich mdmdual mutants can use 
peptides and othei ammo acid derivatives foi gioutli In the present 
tommumtation, data arc picsented on the utilization of deiivatnes of 
phenylalamne and t 3 iosine bj appropiiate mutants of Escliencliia cell 

One of the mutant stiams (No 58-278) which lequnes phen 3 dalanme 
was obtained by iiiadiation with \-ia 3 '^s of strain 58, a mutant stiain ob- 
tained pieviousl 3 '' and chaiacterized by a requiiement for biotin (2) Tw o 
additional strains w'hich lequiie phen 3 dalamne (strains 58-4899 and 58- 
0314) and a strain wdneh icquires tyrosme (strain 58-5030) were obtamed 
upon exiiosuio of stiain 58 to meth3d-bis(/3-chloroeth3d)amme (3) No 
differences could be obseii ed among the tliree strains which w'ere unable to 
S3mtliesize phen 3 dalamne fiom the constituents of the basal medium 
(2) and m the present discussion the 3 ’’ wall be considered as a single 
btiam, t e phenylalaniitcless 

The ammo acid requiiement of each mutant stiain w^as completel 3 
specific, the phenylalanineless stram grew in the presence of L-phen3dalamne 
but not in the presence of i/-t 3 T 0 sme, and the lyiosineless stram giew m the 
piesence of n-tyrosme but not of L-phen 3 dalamne For half maximal 
grow'th m 24 houis at 30° the phenylalanineless stiain required, pei 10 ml 
of medium, appioxnmatety 1 X 10“^ mM of phenylalamne oi 2 X 10“^miM 
of DL-phenylalanme The amount of L-tyiosme wRich gave, per 10 ml of 
medium, half maximal growth for the tyrosineless stram w as 0 9 X 10“^ 
mM and the amount of DL-t 3 ’Tosme was 2 1 X 10~^ mm (Fig 1) Then 
antipodes w eie not utilized foi growth and, as may be seen from the data on 
the DL-aimno acids, did not inhibit growth under the experimental condi- 
tions employed m this study 

In the study of the utilization of derivatives of phenylalamne and t 3 To- 
sine, these w'ere added to the basal medium, and, if growth occurred, a 

* These studies were aided by grants from the Williams-Waterman Fund of the 
Research Corporation and from the Rockefeller Foundation 
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deteiunnation. of the amount required for half maximal growthivas earned 
out Experiments were performed to determine any possible spanng 
action of test compounds m the presence of sufficient L-phenylalamne or l- 
tyrosme to permit half maximal groudh Undei these conditions, none 
of the compounds tested exerted an inhibitory action on bactenal growth 
Utihzahon of Peptides of Phenylalanine and Tyrosine — ^As mil be noted 
from Table I, glyc3d-L-phenylalanine and L-phen}dalan3dgl3cine, on an 
eqmmolai basis, are approximately as effective in promoting giouth as is 
L-phen3dalamne, uhile L-glutamyl-L-phenylalamne is markedly less effectn e 
for growth WTien the phen3dalanme carbox3d is converted to an amide, 



mM X I 0"1 COMPOUND 

Fig 1 Growth curves of mutants of Escherichia coh in the presence of added 
phenylalamne or tjrosine Phenylalanineless strain, X, n-phenylalanine, O, dl- 
phenylalanine Tyrosmeless strain. A, n-tjorosine, □, ni -tj rosine 

as m n-phenvlalamiiamide and glyc3d-n-phenylalamnamide, the abihty of 
the resulting compounds to promote grou th is greatly reduced The fact 
that none of the compounds tested is more effective than L-phenylalanine 
itself suggests that these denvatnes must be spht to yield the free ammo 
acid, vhich then serves as a growth factor If this is the case, then the 
\anation m the effectiveness of the individual phen 3 dalamne denvatives 
raav be interpreted as a reflection of the rate at which the3 are hydrolyzed 
by the bacterial enzymes 

The data m Table I also show that caibobenzox3glycyl-L-phenylalanme 
has some growth-promoting activitv which is, however, much less than 
that found for the free peptide 
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It ^\as of interest to compare the results on the utilization of phenyl- 
alanine peptides bj’- the flicnylalamiieless mutant with those on the effect 
of analogous tj^rosme peptides on the tyi osineless mutant It inll be seen 
fiom Table I that, in all cases tested, the compaiable tyrosine peptides m eie 
eftective in promoting growth Furtheimore, the quantitative data in- 
dicate that the relative efficacy with which a given peptide replaces its 


Tabu: I 

Effect of Phenylalanine and Tyrosine Derivatives on Growth of Mutant 
Strains of Escherichia coli 


Phenylalanincless strain 

Tyrosincless strain 

Compound* 

Concentra | 
tion giving 
half maximal 
grorth 

Compound* 

Concentra 
tion giving 
half maximal 
growth 


mu X 10* 


mu X 10* 

L-Phenylalanine 

1 

c-Tyrosme 

0 9 

DL-Phenylalanine 

2 

DC-Tyrosine 

2 1 

Glycyl-L-phenylalamne (4) 

1 

Glycyl -L- tyrosine t 

1 3 

n-Glutamyl-L-phenylalamnef 

3 

c-Glutamyl-L-tyrosme (5) 

1 9 



c-Leucyl-L-tyrosmet 

1 4 



B-Tyrosyl-L tyrosine (5) 

0 7 

L-Phenylalanylglycine (4) 

1 5 

L-Tyrosylglycmet 

1 3 

li-Phenylalanj'lglycinamide 

4 



acetate (6) 




L-Phenylalaninamide ace- 

33 

L-Tyrosinamide acetate (7) 

31 

tate (6) 




Glycyl-L-phenylalaninamide 

95 

Glycyl-ii-tyrosmamide ace- 

64 

acetate (6) 


tate (6) 


Carbobenzoxyglycyl-u 

401 

Carbobenzoxyglycyl-L- 

235 

phenylalanine (8) 


tyrosine (9) 


Phenylpyruvic acid 

' 9 

p-Hydroxyphenylpyruvic 

110 



acid 


1. 3,4-Dihydroxyphenylala- 

>102 

L-3,4-Dihydroxyphenylala- 

14 

nine 


1 nine 



* The figures la parentheses refer to bibliographic reference numbers 
t The synthesis of this compound is described in the experimental section 
t Hoffmann-La Roche preparation 


parent ammo acid as a grou th factor is similar for the phenylalanme and 
tyrosme senes If it is assumed that the contiolhng factor in the utih- 
zation of the phenylalanine and tj^rosme peptides is the rate at uhich the^'' 
are h3'^drolyzed by the bacterial enzymes, then the similanty in the rel- 
ative effectiveness of the two senes is not unexpected m the light of current 
vieus concermng the specificitj’’ of pioteolj''tic enzymes (10) 

Utilization of AcetyVphenylalanine and Acetyliyrosine ^The similantj 
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m the beha^aor of phenylalanine and tjTosme denvatives, noted above, 
was also obsen ed m the case of the acet3dannno acids Acetyl-n-phenjd- 
alanine and acetyl-L-tjnosme, in lugh concentrations, nere unable to pro- 
mote the growth of the pJienylalamneless and iyrost 7 idess mutants respec- 
tively (Table II) 

In contrast to the data obtamed with Escherichia colt, acetyl-nn-phenjd- 
alanine has been found to replace phenylalamne in the diet of the growing 
lat ( 16 ) In addition, lecent data ( 17 ) have given suppoit to the vien 
( 18 , 19 ) that acetjdammo acids are normal mtermechates in the amino acid 
metabolism of ammal tissues 

Utilization of Phenylpyi uvic and p-Hydroxyphenylpyi uvic Acids — ^Ex- 
amination of the effectiveness of the keto acids correspondmg to phen3dala- 
nme and tyrosine for the growth of the appropiiate mutants showed that 
phenylpyruvic acid was utilized by the phenylalaninelcss stram for growth, 
nhile high concentrations of p-h3’^drox3T)hen3dpyruvic acid nere required 
to show a shght growth-promotmg effect on the tyrosineless mutant (Table I) 
The simplest mterpretation of these results would be that the phenyl- 
alanineless mutant, and presumably the wild type stram, is able to convert 
phenylpyruvic acid to phenylalanme by direct amination, wdide the tyro- 
sineless strain, and presumably the wild type strain, performs the analogous 
reaction in the S3mthesis of t3aosme at a very slow" rate The appreciable 
difference in the rate of utilization of phenylp3uaivic acid by the phenyl- 
alanineless mutant and of p-hydrox3rphenylp3"ruvic acid by the tyrosineless 
mutant suggests that the metabolism of the tw"o keto acids may follow 
chfferent pathways m Escherichia coli A similar conclusion has been 
reached by Sealock et al ( 20 ) in a stud3’' of the metabolism of these keto 
acids in the scorbutic gumea pig 

Although phen3dpyTuvic acid is active as a growth factoi for phen- 
ylalanineless stram, this mutant cannot utihze phen3dp3rruvylgl3"cine m 
place of phenylalanme (Table II) The h3"drolysis of the keto ac3lammo 
acid to form phen3dpyruvic acid, therefore, does not proceed at a rate 
sufficient to promote growth In addition, the possible amination of the 
keto acylamino acid to yield phenylalanylglycme, which is an active 
grow"th substance, also does not occur at a rate sufficient to support groivth 
Keto ac3dammo acids have been suggested as possible intermediates in 
biological peptide S3mthesis ( 21 , 22 ) The phenylalamnclcss mutant, 
however, apparently does not s3Tithesize phen3dalan3 Iglycme from the 
corresponding phenylpyru\"yIamino acid 

Effect of Peptides of Dchydrophenylalanine and Dchydrotyrosme — Theie 
has been some discussion as to the possible lole of dcrnatives of ammo- 
acr3lic acid (deh3"dioalamne) in the intermediary met ibohsm of ammo 
acids and peptides ( 23 , 24 ) This question could lie explored with the anl 
ol tbe phmjlalamneless and tyrosineless mutants, and experiments weic 
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peiformed lu winch several cleiivatives of o’-aimnocmnamic acid (debji’dro- 
phenjdahnitie) oi a-amino-p-coumaric acid (dehydiotyrosine) veie tested 
for their ability to replace the parent ammo acids 

Tabie II 

Effect of Phenylalanine and Tyrosine Derivatives on Growth of Mutant Strains 

of Escherichia coli 


The figures in bnekefs denote the ma\imal amount of compounds, in mst X 10^ 
per 10 ml , used in the tests 


Compound (fiRurcs in parentheses, 
bibliographic rc/crcnce Jvos ) 

j P/ cnylahntttelcss strain 

Tyrostnelfss strain 

Activity in place of 
phco> lalaninc 

Sparing action 
onphenslalanme 
requirement 

ActiMty m 
place of 
t>rOsme 

Sparing 
action on 
tv rosme 
requirement 

L-Plicnylalamne 

+ 


-[212] 

-[212] 

D-Phenylalanine 

-U21] 




DL-Phenylalanine 

+ 


-[363] 

-[363] 

Glj'cyl-L-phcnj lalaninc 

+ 


-[90] 

-[90] 

Glycyl-n-phenylalanine* * * § 

-(90] 




Glycjldeliydrophenjlalanine (11) 

-[91] 

-[46] 

-[460] 

-[276] 

Glyoyldelij drophenylalanylgl j - 

-1360] 

-[216] 

-[360] 

-[216] 

cinet (11) 





Glyoyldelij drophenylalanylglu- 

-155] 




tanuc acid ammonium salt (11) 





Glycylphenylserine (12) 

-[84] 

-[42] 



Acetyl-L phenylalanine 

-[100] 

-[50] 

-[100] 


Acetyl-DL-phenylalamne 

-[100] 




Acetyldehjdrophenylalanine (13) 

‘ -[100] 

-[50] 



Phenylpyru^^c acidf 



-[61] 

-[61] 

Phenylpyruvjdglycine (14) 

-[100] 




Phenylpyruvylglj^cineoxime (14) 

-[85] 

-[43] 



n-Tyrosine 

-Pat [55-100]t 

+at [110]t 

+ 


DL-Tyrosine 

-[110] 

-[110] 

-P 


Glycyl-L-tyrosine 

-[83] 

-[42] 

+ 


Acetyl-L-tyrosine 

-[90] 


-[134] 

-[45] 

Acetyldehj'drotyrosine (15) 



-[270] 

-[270] 

p-Hydroxyphenylpyruvic acidf 

-[55] 

-[55] 

+ 


Phenol 



-111] 

-[11] 

Phenol -p DL-serine§ 



- 

- 

l- 3 , 4-Dih3'droxj phenylalamnef U 

-[102] 

-[51] 

+ 



* This compound, 'when tested in quantities up to 90 X 10“* mu per 10 ml , did not 
inhibit the grou th of the phenylalanineless strain in the presence of glycyl-i>phenyl- 
alanme The synthesis of this compound is described in the experimental section 

t Compound tested by adding filter-sterilized solution to autoclaved media 

t Activity ascribed to traces of phenylalanine present as impurity 

§ Phenol used in amounts of 6 and 11 X 10~^ mu per 10 ml , and tested in the 
presence of 1 to 5 molar equivalents of nn-serine 

H Compound tested in the absence and presence of ascorbic acid, as desenbed 
ui the tevt 
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Although glycyl-L-phenylalanme was, on a molar basis, approximately 
as active a growth factor as L-phenylalamne, glycyldehydrophenylalanme 
as well as glycyldehydrophenylalanylglycme and glycyldehydiophenyl- 
alanylglutamic acid weie inactive (Table II) The 'phenylah.mneless strain 
of Escherichia coli appears, therefoie, to be unable to hydro'genate the 
a-0 double bond of the dehydropeptides to yield the corresponding saturated 
peptides Furthermore, the mutant is incapable of hydrolyzing glycylde- 
hydrophenylalamne to glycme, ammonia, and phenylpyrune acid, since 
the last named compound, if formed, would have acted as a growth factoi 
m place of phenylalanme The existence of an enzsone which specifically 
hydrolyzes dipeptides contammg dehydroammo acids has been demon- 
strated m extracts of animal tissues (25), but docs not appear to be present 
m an active form in the bactenal cultures used in this study 

It IS possible that the bacteria can actually perform either the reduction 
or the hydrolysis of glycyldehydrophenylalanme but at a rate not suffi- 
ciently rapid to pioduce bactenal giowth under the eicpenmental con- 
ditions employed m this study However, smce none of the dehy- 
dropeptides tested showed any activity even in the presence of suboptunal 
amounts of phenylalanme, i e they did not exert a spanng action on the 
phenylalamne requirement of the mutant, it is doubtful whether they 
can serve as normal intermediates m phenylalanme synthesis by the mu- 
tant strain It is also doubtful whether the dehydropeptides serve as 
normal mtermediates in phenylalanme synthesis m the wild type strain 
of Escherichia coli, since the anabolism of this ammo acid m the mutant 
and wild type strains should be identical, except for a smgle gene-controlled 
reaction which is lackmg m the mutant (3) This gene-controlled reaction, 
m the case of the phenylalanineless mutant, is probably mvolved m the 
sjmthesis of phenylpjTuvic acid, smce the mutant is able to convert phen- 
ylpyruvic acid to phenylalanme Unless dehydrophenylalanme peptides 
aie the only precursors of phenylpynivic acid, which appears unlikely, the 
gene-controlled reaction which is lackmg m the mutant cannot involve 
the conversion of such peptides to phenylalanme 

Not only are the peptides contammg dehydrophenylalanme mactne 
in promoting the groniih of the phenylalanineless mutant, but acetyl- 
dehydrophenylalamne is similarly inactive Furthermore, the iyrosineless 
stram is unable to grow when supphed ivith acetyldehydrotyrosme It 
mil be recalled that acetyl-n-phenylalamne and acetyl-n-tyrosine do not 
t. serve as growth factors for these mutants Thus, reduction of the dehydro 
compounds to the correspondmg acetylammo acids would not be detected 
by the experimental technique employed m this study 

Consideration was given to the possibihty that tyrosme may be syn- 
thesized from a precursor other than the keto acid Since tryptophan 
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has been t>ho\\n to be formed from mdole and seime by Neurospora (26), an 
analogous mccliamsm for the synthesis of tyrosine from phenol and serine 
was tested iv ith the fi/rostnelcss stiam of EschcncJna coh No indication of 
tjrosine sjmthesis i\as obtamed, howevei, although the concentrations of 
phenol employed ^\ele without any toxic effect on the growi;h of the mutant 
m the presence of tyrosine (Table II) 

Utihzahon of i,-S,4-Dihydroxyphenylalamne — The possible activity of 
i.-3,4-dihydroxyphen3d ilamne (dopa) as a grow'th factor foi both mutant 
strams also was studied Since test solutions of minimal medium sup- 
plemented with dopa darkened markedly dunng the 24 hour mcubation 
penod, it was necessarj’- to coirect the density measurements made with 
the Evel 3 Ti colorimeter for the coloi developed Othei growth tests were 
earned out m the presence of ascoibic acid (5 mg pei 10 ml of medium) 
which completety prevented oxidation of dopa but did not inhibit or ac- 
celerate the grow'th of the mutants in the presence of phenylalamne or 
tyrosine The dopa used m these experiments w as a Hoffmann-La Roche 
preparation 

Dopa w'as found to be completely mactive as a growdh factor for the 
phenylalanineless strain (Table II) Noi did it show' any sparmg action on 
the phen 3 ’'lalanme requuement of this stram However, it had appreciable 
actnuty for the iyrosineless mutant The concentration givmg half maxi- 
mal giowth was 14 X 10~‘' mji per 10 ml (Table I) The same value was 
obtained in tests carried out in the absence and m the presence of ascorbic 
acid 

To our knowledge, tins is the first mstance in which dopa has been found 
to serve m place of tyrosme m an in vivo system 

Interrelationships between Tyrosine and Phenylalanine Metabolism in 
Escherichia coh — ^Frora the experiments with the phenylalanineless and 
iyrosineless mutant strams of Escherichia coh some mformation pertaimng 
to the metabohe relationships betw'een phenylalanme and tyrosme m this 
orgamsm also has been obtained In contrast to the data for the lat, 
which can perfomi the in vivo conversion of dietary phenylalamne to ty- 
losine (27), phenylalamne does not seem to serve as a precursor of t 3 aosine 
foi the Escherichia coh mutants As mentioned eaiher, the phenylaJa- 
nmeless mutant will not grow m a medium contaimng tyiosine or its de- 
rivatives m place of phenylalanme Nor does t 3 'Tosme, or an 3 ' of the com- 
pounds w'hich serve as a source of tyiosine for the tyrosineless mutant, exert 
any detectable spanng action on the phenylalamne requirement Such a 
spanng action would certamly be expected if part of the phen 3 'lalamne 
required b 3 ' the phenylalanineless mutant sensed as an in vivo source of 
tyrosme It is of mterest also that the tyi osineless mutant strain could not 
utihze phen 3 dalamne oi phen 3 'lalanine denvatixes as a source of tyrosme 
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Although glycyl-L-phenylalamne was, on a molar basis, approximate^ 
as active a growth factor as L-phenylalanme, glycyldehydrophenylalamne 
as well as glycyldehydrophenylalanylglycme and glycyldehydiophenyl- 
alanylglutamic acid weie mactive (Table II) The phenylalamneless strain 
of Escherichia coli appears, therefoie, to be unable to hydrogenate the 
a-j3 double bond of the dehydropeptides to yield the correspondmg saturated 
peptides Pui thermore, the mutant is mcapable of hydrolysing glycylde- 
hydrophenylalanme to glycme, ammonia, and phenylpyruvic acid, smce 
the last named compound, if foimed, would have acted as a gi owth factoi 
m place of phenylalanme The existence of an enzyme which specifically 
hydrolyzes dipeptides contammg dehydroamino acids has been demon- 
strated in extracts of animal tissues (25), but does not appear to be present 
m an active form in the bactenal cnltures used m this study 

It IS possible that the bactena can actually perform either the reduction 
or the hydrolysis of glycyldehydrophenylalamne but at a rate not suffi- 
ciently rapid to pioduce bactenal giowth under the experimental con- 
ditions employed m this study However, smce none of the dehy- 
dropeptides tested showed any activity even m the presence of suboptimal 
amounts of phenylalanme, i e they did not exert a spanng action on the 
phenylalamne requirement of the mutant, it is doubtful whether they 
can senm as normal mtermediates m phenylalamne synthesis by the mu- 
tant strain It is also doubtful whether the dehydropeptides serve as 
normal mtermediates m phenylalanme synthesis m the wild type strain 
of Escherichia call, smce the anabolism of this ammo acid m the mutant 
and wild type strains should be identical, except for a smgle gene-controUed 
reaction which is lacking m the mutant (3) This gene-controlled reaction, 
m the case of the phenylalamneless mutant, is probably mvolved m the 
sjmthesis of phenylpjTuvic acid, smce the mutant is able to convert phen- 
ylpyruvic acid to phenylalanme Unless dehydrophenjdalanme peptides 
aie the onlj*- precursors of phenylpyruvic acid, which appears unlikely, the 
gene-controlled reaction which is lacking m the mutant cannot involve 
the conversion of such peptides to phenylalanme 

Not only are the peptides contammg dehydrophenylalamne mactne 
m promotmg the growth of the phenylalamneless mutant, but acetyl- 
dehydrophenylalamne is similarly mactive Furthermore, the iyrosineless 
strain is unable to grow when supphed with acetyldehydrotyrosme It 
will be recalled that acetyl-L-phenylalanme and acetyl-L-tyrosine do not 
serve as grow th factors for these mutants Thus, reduction of the dehydro 
compounds to the correspondmg acetylammo acids would not be detected 
by the experimental technique employed m this study 

Consideration was given to the possibihty that tyrosine may be syn- 
thesized from a precursor other than the keto acid Smce tryptophan 
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has been shown to be formed from mdole and seime by Neurospora (26), an 
analogous mcchamsm for the synthesis of tyrosine fiom phenol and senne 
was tested w itli tlie tijrosiJicless stiam of Eschei tclna colt No mdication of 
ijrosine sjmthesis Avas obtamed, howevei, although the concentrations of 
phenol employed weie without any toxic effect on the growd;h of the mutant 
m the presence of tyrosine (Table II) 

Utihzahon of h-S,4-Dihydroxyp}tcnylala7une — The possible activity of 
n-3,4-diliydio\j'phenyklamne (dopa) as a growth factor for both mutant 
strains also A\as studied Since test solutions of minimal medium sup- 
plemented with dopa darkened maikedly dunng the 24 hour mcubation 
penod, it A\as necessarj’- to coirect the density measurements made with 
the Evelyn colorimeter for the coloi developed Other growth tests were 
earned out in the presence of ascorbic acid (5 mg pei 10 ml of medium) 
which complete!}' prevented oxidation of dopa but did not inhi bit oi ac- 
celerate the grow'th of the mutants m the presence of phenylalamne or 
tyrosine The dopa used in these experiments w as a Hoffmann-La Roche 
preparation 

Dopa Avas found to be completely mactive as a groAAd.h factoi for the 
phenylalanineless strain (Table II) Noi did it show any spanng action on 
the phenylalanme requuement of this stiam However, it had appreciable 
actmty for the tyrosineless mutant The concentration givmg half maxi- 
mal giowth was 14 X 10"'* mM per 10 ml (Table I) The same value Avas 
obtained in tests cairied out m the absence and m the presence of ascorbic 
acid 

To our know ledge, this is the first instance in Avluch dopa has been found 
to seiA e m place of tyrosme in an in vivo system 

Interrelationships between Tyrosine and Phenylalanme Metabolism in 
Escherichia coli — ^Fiom the expeiiments AAuth the phenylalanineless and 
tyrosineless mutant strams of Escherichia coli some mformation pertaimng 
to the metabohe relationships betAA'een phen5dalanme and tyrosme in this 
orgamsm also has been obtained In contrast to the data for the rat, 
which can perform the in vivo conA’^ersion of dietary phen3dalamne to ty- 
losine (27), phenylalamne does not seem to serve as a precursoi of tyiosine 
for the Escherichia coli mutants As mentioned eaiher, the phenylala- 
nineless mutant aviU not grow m a medium contaimng tyrosme or its de- 
rivatives m place of phenylalanme Nor does tyrosme, or any of the com- 
pounds Avhich serve as a source of tyiosme for the tyrosineless mutant, exert 
any detectable spanng action on the phenylalamne requirement Such a 
spanng action A\ould certainly be expected if part of the phenylalamne 
required by the phenylalamncless mutant serA^ed as an in vivo source of 
tyrosme It is of mterest also that the tyrosineless mutant stiam could not 
utihze phenylalamne oi phen3dalanme denA'^atixes as a source of tyrosine 
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Additional e^ndence in support of the Tuew that phen 3 dalanine is not 
com erted into t j rosme bj-- the 'phenylalanineless mutant was obtained in 
two kige scale experiments in which the mutant strain was grown in the 
presence of 75 mg of ir-phenjdalanme, and acid hj’-drotysates of the bactena 
w ere assaT’-ed for phenjdalanme and for tjwosme The mutant strains w ei e 
found to be satisfactory assaj- orgamsms foi these tw o ammo acids in re- 
coT eiy experiments w ith the bactenal hj’^drolysates to w Inch known quanti- 
ties of phenjdalamne or t 3 Tosine had been added 

In one large scale experiment, the h3'drolysate was found to contain 
about 60 mg of L-phenylalanme and, m another expeiament, about 80 mg , 
i e , appi oximatety as much plien3dalamne as had been added to the medium 
in which the bactena were growm Since the hydrol3 sate in the fiist e\- 
penment contained about 35 mg of L-t3’Tosine and 49 mg m the second 
expeiiment, the sum of the bactenal phen3lalamne and t3nosme was %en 
*' much gi eater than that which could result if the exogenous phen3dalanine 
sen'ed as a source of t3nosme as w ell as of phenylalanme 
These data are difficult to reconcile with the recent conclusion (28), 
drawm ficftn inhibition studies wnth /3-2-thien3dalamne, that in Escherichia 
colt phenylalanme is converted to t3Trosme by direct oxidation 

EXPERIMENTAL 

Production of Mutant Strains — ^The production and isolation of strain 
58-278 b 3 ’- x-ray treatment of stram 58 has been described previously (2) 
Strams 58-4S99, 58-5030, and 58-6314 were obtained following the treat- 
ment of stram 58 wath methyl-bis (iS-chloroethyl)amine Strams 58-4899 
and 58-5030 w ere isolated from a culture of stram 58, w hich w as exposed for 
20 mmutes to a 0 1 per cent solution of the amine and then incubated for 4 
houi-s pnor to platmg out on complete medium (3) Stram 58-6314 was 
isolated from a culture of stram 58 exposed for 30 mmutes to a 0 1 pei cent 
solution of the amine in citrate buffer of pH 6 25 and incubated for 5 houis 
pnor to platmg out on complete medium (3) 

Testing of Compounds — ^For the determmation of the actmt 3 ’ of phenvl- 
alanme or t 3 ’T 0 sme denvatives as growth factors for the mutant strams, the 
orgamsms were inoculated mto 10 ml of mmmial medium (1) contaimng 
0 01 7 of biotm and graded amounts of the test compound The results of 
such tests were recorded after mcubation of the culture tubes at 30° for 24 
hours 

All test compounds w ere added to the minimal medium pnor to stenhza- 
tion of the latter by autoclainng In some cases, as noted m Table II, a 
filter-stenhzed solution of the test compound w as prepared and added, w itli 
stenle technique, to the autoclaaed mmmial medium m order to a\oid 
po==sible decomposition of the compound due to autoclai mg In only one 
instance was there any difference between the results obtained by the two 
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metliods Wliile filfoi -sterilized solutions of gtycyldehydrophenylalanyl- 
glycme show ed no activitj^, .lutoclaved solutions of this substance exhibited 
a slight activit}’’ for the phenylalanincless stiain (Table II) This may be 
attiibuted to slight decomposition of the peptide to yield phenylpj-ruvic 
acid 

For the measurement of the late of growth, the density of the cultures ivas 
measured bj’’ means of an Eveljm photoelectnc coloiimeter with filtei No 
540 The concentiation of each compound winch produced half maximal 
grow th w as estimated fi om a gi ow th curve The lelativ e activity of a test 
compound as compaicd to L-phen 3 dalanme or n-tyrosine was calculated foi 
the test and refeience compounds from data obtained on the same daj’' 

In order to studj the possible spaimg action of test compounds, these 
were added to a medium contaimng sufBcient L-phenylalamne (1 X 10~‘mAi 
pel 10 ml ) or L-tj losme (0 9 X 10“^ mM pei 10 ml ) to permit half maximal 
grow'th 

Xi-Glulaynyl-jj-phenylalamne — 2 gm of the carbobenzo\ 3 ’’dipeptide (29) 
weie Indrogenated in methanol in the presence of palladium black The 
peptide separated out duimg the hydiogenation and was dissohed bj’^ the 
addition of watei The filtrate from the catalyst was evaporated and, on 
addition of alcohol, the peptide ciystalhzed Yield 1 1 gm The substance 
w'as dned at 78° m vacuo ovei phosphorus pentoxide 

ChHisOsNj Calculated C 57 0, H 6 2, N 9 5 
294 3 Found “ 56 8, “ 6 3, “ 9 5 

[«1d = -1-27 0° (2% in water -1- 1 equivalent of HCl) 

Glycyl-ii-iyrosine — 3 gm of the carbobenzoxydipeptide (9) weie hydio- 
genated m the usual manner Yield 1 7 gm The substance was diied at 
78° tn vacuo over phosphorus pentoxide 

CiiHiiOiNj Calculated C 55 5, H 5 9, N 11 75 

238 2 Found “ 55 4, “ 5 9, “ 11 5 

1“]d = -1-43 7° (2% in water + 1 equivalent of HCl) 

h-Tyrosylglycine — 2 5 gm of the carbobenzoxydipeptide (9) weie hydro" 
genated in the usual manner Yield 1 5 gm The substance w as dried at 
78° m vacuo ovei phosphorus pentoxide 

CuHhOiNj Calculated C 55 5, H 5 9, N 11 75 

238 2 Found " 55 6, “ 5 7, “ 11 8 

Wd = -1-65 9° (2% in water -1- 1 equivalent of HCl) 

Glycyl-ji-phenylalaninc — This compound was prepared in the same manner 
(4) as was the l form 

CiiHhOsN; Calculated C 59 4, H 6 3, N 12 6 

222 2 Found " 59 5, “ 6 2, “ 12 7 

[ot]2 = —41 7° (2% in water) 
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SUMMARY 

The utihzation of denvatives of phenylalanine and tyrosine has been 
studied with artificiallj’- produced mutant strains of Escherichia colt which 
require for growth exogenous sources of L-phenylalamne and n-tjTOsme 
Simple peptides of phenylalamne and tjTosme were found to serve as growdh 
factors for the phenylalanineless and tyrosineless mutants respectively 
Phenylp3Tninc acid and p-hj’^droxyphen3dp5TUvic acid also were capable of 
replacmg phenylalamne and t3T:osme How ever, acet3dphenylalanme and 
acetylt 3 Tosme w'ere mactive m growth tests 
The relative efficacy of a given peptide as a growth factor was sumlar 
for the phenylalamne and tyrosine senes, but phen3dpyruvic acid showed a 
relative^ greater activit3’- for the phenylalanineless mutant than p-hydrox3'- 
phenylp 3 ’TUVic acid showed for the fyrosineless mutant 

The phenylalanineless stram was unable to use peptides of dehydrophen3d- 
alanme for growth Likewise, acet3'ldehydrophen3dalaiime or acetyldehy- 
drot3Tosme did not seive as growth factors for the phenylalanineless or 
tyrosineless mutants 

Data are piesented to show that the mutant strams do not s3Tithesize 
t3 rosme from phen3 lalaume 
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A LnCROCOLORIMETRIC METHOD FOR THE 
DETERMINATION OF CITRIC ACID* 

B\ HERTHA H TAUSSIO’ and EPHRAIM SHORR 

(From (he Dcparlmcnl of Medicine, Oorncll University Medieal College and The - 
Ucw York Hospital, New York) 

(Received for publication, March 11, 1947) 

Komctiaiu, iii 1931 (1), developed a titrunetnc method for the macio- 
determinatiou of citnc acid (4 to 40 mg ) based on the reaction of warm 
alcoholic solutions of orgamc biomides vith sodium or potassium iodide, 
which had been described by Fmkelstem m 1910 (2) Citnc acid was first 
oxidized and brominated to pcntabromoacetone The pentabromoacetone 
which precipitated quautitativeli was filtered off and dissohed m alcohol, 
to winch acetic acid w^as added to favor the substitution of bromme bj- 
lodme The alcohohe solution was then heated to just below boding on a 
water bath, with the addition of an alcohohe solution of sodium iodide 
The lodme hbeiated was titrated with sodium thiosulfate 

The leaction between pentabiomoacetone and sodium iodide m aOid 
solution IS behei ed to take place as showm in the accompanjang scheme 

CHBr. CHBrj 

I /OH 

C=0 C + HBr 

CBrs CBr-I 

CHBrj CHh 

C— OH , C— OH + 4HBr > C— OH + 2 I 2 

CBr2 Ch 

Thus, 1 molecule of citnc acid = 61 

By the substitution of colorimetry for titration, it has been found 
possible to adapt this prodecure, with suitable modifications, to the estuna- 

* Aided by giants from the Committee for Research m Endocrinology of the Na- 
tional Research Council, Wyeth, Incorporated, and the Sobering Corporation The 
techmeal assistance of B Hirsch, S Lewis, I Litt, A de Lorenzo, T Schor, and E 
Umaki le gratefully acknowledged 


CHBrj 

C— OH + I 2 

CBrj 
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tiott of citnc acid in blood and urme m amounts as small as 10 y In the 
method to be descnbed, the conversion of citnc acid to pentabiomoacetone 
IS earned out by a modification of the method of Goldberg and Bemherm 
(3) The substitution of bromme by lodme and the liberation of a colored 
iodine complex ivith alcoholic sodium iodide is then earned out according 
to the leaction of Finkelstem, as applied to pentabromoacetone by Ko- 
metiam The resultant- color is measured by means of the Klett-Summer- 
son photoelectnc colorimeter 

EXPEMMENT-AL 

Reagents — 

1 Citnc acid stock solution, prepared from potassium citrate, 
KjCeHEOy H 2 O, and 1 N sulfunc acid 1 6894 gm of potassium citrate 
are dissolved and diluted to 1 liter with 1 n sulfuric acid This solution is 
stable for at least a year 1 cc contams 1 mg of anhydrous citnc acid, 
lower concentrations are freshly prepared by appropnate dilutions of the 
stock solution 

2 Tnchloroacetic acid, 10 per cent 100 gm of tiichloroacetic acid are 
dissolved and diluted to 1 hter with distilled water 

3 Tnchloroacetic acid, 9 3 per cent, 93 gm of trichloroacetic acid per 
hter 

4 Sulfunc acid, 27 n 750 cc of concentrated sulfunc acid are slowly 
added to 250 cc of distilled neater, after coohng, the solution is further 
diluted to 1 hter 

5 Bromide-bromate solution, 2 n 42 88 gm of NaBr and 12 58 gm of 
NaBiOa are dissolved and diluted to 250 cc with distilled water 

6 Hydrazme solution, 10 N 65 gm of NjKU HjSOi are dissolved 
with the aid of 100 cc of 20 per cent NaOH and diluted to 200 cc 

7 Potassium permanganate, 5 per cent 50 gm of KMnOi are diluted 
to 1 hter and boiled for 10 mmutes .Mter coolmg to room temperature 
the solution is filtered through glass wool and adjusted to volume 

8 Manganese sulfate, 40 per cent 400 gm of MnS 04 H 2 O are diluted 
to 1 hter and heated to about 50° until dissolved, after coohng to room 
temperature the solution is filteied and adjusted to volume 

9 Normal heptane, b p 98° A pure grade (99 mole per cent pure) 
IS employed which can be used ivithout further purification ^ 

10 Alcohohe sodium iodide solution, 10 per cent The required amount 
is dissolved and diluted with 95 per cent ethyl alcohol The solution is 
made up in ambei-colored volumetric flasks to minimize the liberation of 
iodine by the influence of light This should be freshly prepared before use 

1 We are indebted to Mr Leader of the Phillips Petroleum Company, Bartlesville. 
Oklahoma, for his helpfulness in obtaining a satisfactory grade of normal heptane 
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11 Bromocresol green indicator solution, 0 04 per cent 400 mg are 
dissoh cd in 6 cc of NaOH, 0 1 n, and diluted to 1 liter 

Method 

The steps m the analytical pioceduie are identical for blood serum, 
plasma, and uruie except for the use of different dilution factors Citnc 
acid IS conv ei ted in a strongly acid solution to pentabromoacetone, which is 
then exiiacted with heptane and treated with alcoholic Nal The mten- 
sity of the resultant color is determined in the Klett-Summeison photo- 
electric colorimeter uith Filter 42 

Procedure for Delenmnation of Ctirtc Actd tn Serum or Plasma 

Preparation of Protein-Fi ee Filtrate — Either seiaim or oxalated plasma is 
used Hepaiin is an unsuitable anticoagulant, smee it interferes with the 
citnc acid determination 1 5 cc of senim or plasma are added to 11 cc 
of 10 pel cent trichloroacetic acid in a 15 cc centnfuge tube It nas 
found conxement to hax^e xmlumetric pipettes made up of these capacities 
The mrxture is well stirred, allowed to stand at lOom temperature for 
about 10 ramutes, and then centiifuged for the same period of time at 
about 1500 RPM The supernatant is filtered thiough a 4 cm No 42 
UTiatman di'j filter paper mto a 25 cc Erlenmeyei flask 
When abnormal amounts of acetone bodies are present in the blood, the 
filtrate is pi epared and treated as follow s 3 cc of plasma ai e used mstead of 
1 5 cc and added to 22 cc of 10 per cent trichloi oacetic acid, 20 cc of the 
protem-free filtiate are pipetted into a 50 cc Erlenmeyer flask and the 
volume leduced to about G cc by boding on a hot-plate After filtration 
mto a 25 cc giaduated cylinder and leadjustment xvhen cool to the ongmal 
volume of 20 cc , a 10 cc aliquot is used for analysis This pieliminary 
treatment removes acetone and acetoacetic acid /S-Hydroxybutyiic acid 
interferes to some extent, the interference is not destro 5 '^ed by heating but 
is subsequently reduced thiough the prelimmary brommation 
Preliminary Bromination and Extraction — 10 cc of the piotein-free 
filtrate are pipetted into a 30 cc glass-stoppered Pjtcx bottle to which 5 cc 
of 27 N sulfuric acid from a burette and 1 cc of the brormde-bromate 
mixture are added under a hood The mixture is allow’ed to stand at 
room temperature foi about 30 minutes untd it has reached room tempera- 
ture 0 2 cc of hydrazine is added and the mixture shaken until the free 
broimne is reduced At this point, the procedure can be interrupted, 
if desired, and the filtrate kept m the ice box foi sex^ral days wath no 
loss of citnc acid 6 cc of heptane aie now added and the bottle is stop- 
pered and shaken in a Schaen shakmg machine (or any suitable shakmg 
device) for about 3 mmutes After there has been a complete separation of 
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the o phases, 15 cc of the lower aqueous phase are transfen ed to a 60 cc 
glass-stoppered Pyrex bottle and cooled in a nater bath maintained at 
about 18° 

Oxidation of Citric Acid to Pentabromoacetone — 1 cc of manganese 
sulfate solution, 1 cc of the bromide-bi ornate mixture, and 2 cc of the 
potassium peimanganate solution are now added, and the mixture is 
well shaken and alloiv ed to stand in the n atei bath at about 1 8° foi about 
30 minutes Excess bromine and manganese dioxide are then reduced 
by the dropwise addition of hydrazme until the brown coloi has com- 
pletely disappeared 

Extraction of Pentdbi onioacetone — 11 cc of heptane aie added and the 
mixture is shaken, nntli the bottle Mell stoppeied, in the Schaeii shakei 
for 6 mmutes The contents aie next poured into a 60 cc sepaiatoiy 
funnel A strictly quantitative transfer to the separatory funnel is not 
necessaij'', since an ahquot is subsequently used Aftei complete sepaia- 
tion of the two phases, the aqueous phase is discarded and the heptane 
extract washed twice with a jet of water from a wash bottle, to ivhich a 
fen diops of biomocresol green solution have been added The cashing 
must include the neck and the stopper About 10 cc of the distilled ii atei 
aie then added, the funnel is stoppered and shaken foi about 20 seconds, 
and the nash water discarded This is repeated until the color of the 
ivash watei is identical wuth that of distilled water contaimng the indi- 
cator Two lepetitions usually suffice The mixture is then allowed to 
stand foi about 30 mmutes to msure complete drainage of the w^ash water 
to the bottom of the funnel, the aqueous phase is then removed quanti- 
tatnely The procedure may also be interrupted at this stage, if desiied, 
since the heptane extract remains stable m the ice box for at least 2 w eeks 

Color Development and Estimation — 10 cc of the heptane extiact are 
then pipetted into a small amber-colored glass-stoppered volumetnc flask 
or bottle To tins are added 3 cc of the alcoholic sodium iodide solution, 
the mnxtuie is shaken and kept stoppered m the daik for about 70 mmutes 
The heptane, together with the alcoholic phase, is transferred to a colori- 
meter tube and the intensity of the color read m the IQett-Siimmerson 
photoelectric colonmetei with Filter 42 The volume of the alcoholic 
phase m w hich the color develops is 2 8 cc , hence, micro colonmeter tubes 
aie used oi a small plug is placed at the bottom of the slot to peimit the 
use of macro colonmeter tubes The upper surface of the plug should 
come just below the shelf on winch the micro tube ordmanly rests m order 
to avoid errors due to the rounded bottom of the macio tube ‘Wlieii 
this IS done, the memscus of the alcohohc phase will be safely above the 
upper margin of the slot thiough which the fight is transmitted This 
convement de^^ce penrnts the use of the less expensive and sturdier macro 

tubes 
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Altai ysis of Slandaid Soluhons — Standard solutions containing 100 and 
200 y of citric acid pei 10 cc are analyzed bj’- the same piocediue These 
solutions are freshly picpaied by appropriate dilutions of the stock solution 
in the following way The stock solution is fiist diluted 1 4 2 and 4 cc 

of the resultant solution are then furthei diluted to 50 cc m a ^ olumetiic 
flask with the addition of 45 cc of 10 per cent trichloroacetic acid 
The amlytical proceduie foi the standard solutions is identical with 
that foi the blood filtiates, except foi the amount of the final heptane 
extiact taken foi coloi development Instead of 10 cc as wnth serum oi 
plasma, 2 cc of the final heptane extract aie used This is made up to 
10 cc with heptane, and 3 cc of the sodium iodide solution aie added 
The final concentiations of citiic acid thus lepieseiit 20 and 40 y The 
remainder of the fin il heptane extiact may be used foi subsequent anah'se^ 
since it i‘5 stable foi at least 2 weeks 


Calculation of Results 

( Reading of unknoivn ) — (blank (calculated)) ^ 
Reading with 10 y 


100 


1 2 (cc aliquot of plasma) 

= mg % citric icid 

The blank is calculated as follows 

(Reading wnth20')') — ((reading with 40 7) — (reading with207)) = blank (calculated) 
(Reading w ith 20 7) — (blank (calculated) ) _ j q 


Procedure for Delet mination of Ctli ic Acid in Urine 

Smee the amount of citiic acid m urme vanes over a wide lange, pro- 
visions have been made m the procedure to use smaller 01 lai ger a olumes of 
unne for analysis 

Notmal Urine — The usual range of uimary citiic acid aalues is dealt 
with by addmg 9 5 cc of 9 3 pei cent trichloioacetic acid to 0 5 cc of urme 
m a 30 cc glass-stoppered Pyrex bottle and carrjnng out the analytical 
procedure as desenbed for seioim or plasma 
Should the urmar 3 '^ citric acid concentration fall below the lange of 
accuracy of the method, then 1 cc of unne can be used and diluted wath 
9 cc of 10 per cent trichloroacetic acid, 01 2 cc of urine 8 cc of tri- 
chloroacetic acid, 11 2 per cent, etc In each case, 10 cc of diluted unne 
avill contam the same amount of trichloroacetic acid 
The procedure for unne mvolves one furthei difference from that foi 
blood, namely, the use of 2 cc instead of 10 cc of the final heptane extiact 
for color development Of the final heptane extract, 2 cc are taken and 
diluted to 10 cc wnth heptane m a small amber-coloied glass-stoppered 
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volumetnc flask or bottle prioi to the addition of 3 cc of alcohobc sodium 
iodide 

The piesence m unne of glucose, albumin, or acetone bodies mterferes 
mth the accuracy of citnc acid detenmnations This mterference is 
elinunated m the follow mg manner 

Unne Coniaimng Ghicose — 1 cc of uime is diluted to 100 cc with the 
addition of 90 cc of 10 pei cent tnchloroacetic acid 10 cc are then 
earned through the analytical procedure m the manner desenbed for 
serum or plasma, with 10 cc of the final heptane extract for color develop- 
ment 

Un7ie Containing Albumin — 1 cc of unne is diluted to 20 cc with 10 pei 
cent tnchloroacetic acid, filtered, and 10 cc of the filtiate used for analj-^sis 
as m normal unne 

Unne Containing Acetone Bodies — 1 cc of 27 n sulfunc acid is added 
to 25 cc of unne, w hich is then reduced by boilmg to about 10 cc , cooled, 
and made up to 25 cc m a volumetnc flask 0 5 cc is then diluted wath 
9 5 cc of 9 3 pci cent tnchloroacetic acid The analysis is earned out as 
for normal unne 

Calcidation of Results — The formula is gnen for calculating the result of 
the anatysis when either 0 5 or 1 0 cc of unne is diluted to a final volume 
of lOcc , and 2 cc of the final heptane extract are usedforthe color reaction 

(Reading of unknown) — (blank (calculated)) ^ 

Reading mtli 1 0 t 

volume (m cc ) per 24 hrs 
100 (for 0 5 cc urine) or 200 (for 1 0 cc unne) 

= mg citric acid per 24 hrs 

The blank and readmg with 1 0 t are calculated as for blood 

DISCUSSION 

Stability of Citnc Acid in Unne and Blood — Citric acid m unne was 
found to be stable for a penod of at least a week, when 24 hour specimens 
were preserv^ed with 25 cc of 18 n sulfunc acid and kept under refngeration 
Citnc acid m blood remamed constant w hen w hole blood w as left m the ice 
box for 2, 6, and 12 hours, there was a shght mcrease after 24 hours 

Influence of Acidity — Goldberg and Bemheun, m descnbmg their 
method for determimng 1 to 40 mg of citnc acid, have pomted out the 
necessity for the prelimmai^' brommation and have elucidated the mechan- 
ism of the oxidation-brommation procedure They likewise observ ed that, 
up to a certam maxunum, mcreasmg the acidity durmg oxidation yielded 
higher recovenes of citnc acid Maximal recov enes occurred in approxi- 
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matoly S n sulfunc acid, thereafter, theie was a sharp falling off of the 
values obtamed We have been able to confirm the influence of acidity on 
the recovery of the smaller amounts of citnc acid measured by our method, 
except for the slope of the onrve which fell less abruptly with acidities 
greater than 8 x In Fig 1 are plotted the colorimeter readmgs for 20 y 
of citnc acid nhen xarying normahties of acid were used during oxidation 
We have accordingly chosen an approximately 8 n solution for the deter- 
mmation of 10 to 60 y of citnc acid 

Oxidation of Citnc Acid io Pentabromoacelone — Goldberg and Bemheim 
have emphasisHjd the importance of the very slow addition of permanganate 
m the oxidation of citnc acid to acetonedicarboxyhc acid In their pro- 
cedure manganese sulfate was added to hasten the formation of manganese 



Rq l Color developed with 20 y of citnc acid as a function of the normality of 
' sulfuric acid used before oxidation 

dioxide, which can be present m excess without decomposmg acetone- 
dicarboxyhc acid For the detennmation of citnc acid in the presence of 
glucose, they suggested the substitution of a manganese dioxide suspension 
for peiraanganate and described the preparation of such a suspension 
We have mvestigated the relative merits of both the suspension and the 
permanganate solution for the determination of the smaller amounts of 
citnc acid foi which our method was designed, addmg both at once, and 
found neghgible differences The potassium permanganate solution was 
therefore selected because of its convenience 
Extraction of Pentabrowioocetonc— These same mvestigators used petro- 
leum ether with a boilmg pomt between 35-50“ for the extraction of 
pentabromoacetone from the aqueous phase This solvent has a number of 
disadvantages It must be purified with sulfunc acid and redistilled 
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before use In u aim weather, its vapor piessure is such that the stoppers 
are frequently blouTi out duimg the shakmg, with the loss of some of the 
reaction mixtuie We have, m its stead, employed n-heptane (99 mole 
per cent puie) vith a boilmg point of 98°, which w'as obtamed fiom the 
P hilli ps Peti oleum Company This solvent has a much low^er vapor 
pressure than the petroleum ethei with the low'er boihng pomt, and hence 
presents no difficulties as regards evaporation or blowing out of the stoppers 
duimg w'arm w eather Its solubdity m w^ater is one-fourth of that of the 
lower boilmg peti oleum ether It can be used without further purification 
Finally, the heptane extracts have been found stable for at least a w^eek 
wffien lefngeiated 

Quantitative separation of the heptane extract from the aqueous phase 
is difficult Tins difficulty is avoided bj"- extractmg with 11 cc of heptane 
and takmg a 10 cc ahquot for the color reaction m the procedure for blood 
plasma In the procedure for urme, the extraction is earned out wath 
11 cc of heptane and an ahquot of 2 cc is used for the color reaction 
The use of tins small ahquot m the urme method has a number of advan- 
tages It permits a repetition of the colorimetric determmation on the 
same extract With the standard solutions, the remamder of the final 
heptane extract, because of its stability under lefngeration, may be used 
for the color reaction for a penod of at least a w eek, thus avoidmg the 
necessity of pieparmg and analyzmg fresh standards with each set of 
deter mmations 

We wash to emphasize the necessity for washmg the heptane extract 
completely free of acid IVhile five w^ashmgs, includmg two with shaking 
of the sepal atorj’- funnel for 20 seconds, usually sufficed to accomplish this, 
it was found desirable to provide an additional safeguard m the form of 
an mdicator, w^hicli is added to the w'ash water m the separatory funnel ' 
It w as necessary to use an mdicatoi w'hich was soluble m w ater and in- 
soluble m heptane, wuth a naiTOW pH range and a sharp change in color 
at the pH of distilled water Bromociesol green, wuth a pH range of 
4 2 to 5 4 and a sharp change in color from yellow through green to blue, 
fulfilled these lequuements 

Fmally, about I hour of standmg is usually reqmred for the quantitative 
separation of the aqueous phase 

Color Bevelopment fiom Pentahromoacclone in Heptane and Alcoholic 
Sodium Iodide — have further mvestigated the reaction between 
pentabromoacetone and alcoholic Nal as described by Kometiam This 
investigator earned out the reaction m a strongly acid solution at just 
below boihng We have found that, under our conditions, the reaction 
proceeds smoothly and rapidly at room temperature and without acidifica- 
tion About 90 per cent of the color is developed immediately on mixing 
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the heptane e\tract with the alcoholic sodium iodide, liow e% ei , the reaction 
IS complete on stanchng foi about 1 houi Thereaftei theie is vei;> slow 
uniform increase tin oughout a set of determinations, due to a slow oxidation 
of sodium iodide to fiee lochne 

Foi the deteinimation of the optimal conditions for the development 
of the coloi leaction, a stock solution of pentabromoacetone m heptane 
w IS piepaicd b} the oxidation and bromination of citiic acid The heptane 


Table I 

Effect of Different Concentrations of Ethyl Alcohol on Color Development 


Citric acid 

EthjI alcohol per 100 cc 
solution I 

Kal per 100 cc 
solution 

Colorimeter readings 
(Klctt Summerson) 

y 1 

cc 




100 

10 

174 


95 

10 

224 

40 

90 

10 

212 

10 1 

80 

10 

166 

40 

70 1 

10 

126 


Table II 


Effect of Different Concentrations of Sodium Iodide in 95 Per Cent Ethyl Ucohol on 

Color Development 


! 

Citric acid 

Sodium iodide in 95 per cent 
ethyl alcohol 

Colorimeter readings 
(Klett Summerson) 

7 

Rtn Per 100 cc \ 


40 

5 I 

181 

40 

10 

220 

40 

15 

238 

40 

1 20 

262 

1 


extiact was diluted with heptane to give the concentiation of pentabromo- 
acetone equivalent to the desued concentration of citric acid pei 10 cc of 
solvent 5cc of alcohohcNalweieusedtliroughout 

The total color developed with a definite concentration of citiic acid w'as 
found to depend on (1) the concentration of ethyl alcohol, and (2) the 
concentration of sodium iodide, as shoivn m Tables I and II 
A 10 per cent solution of sodium iodide in 95 per cent alcohol w as selected 
as the most convenient concentration of both elements The advantage of 
the higher readmgs obtained with the higher concentiations of sodium 
iodide W'as balanced by the difficulty of gettmg the laiger amounts of 
sodium iodide into solution In addition the higher concentrations weie 
so neai saturation that crystalhzation m the colorimeter tube could not be 
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prevented Potassium and lithium iodide proved unsatisfactory substi- 
tutes for sodium iodide 

The ne\t concern was vnth the hnal volume of the color phase \\TieD 
1 volume of heptane and 3 volumes of 10 per cent sodium iodide m 95 per 
cent ethyl alcohol are shaken, complete mixmg takes place With smaller 
volumes of alcoholic sodium iodide, a definite mterface is established 
These facts are shown m Table III 

The influence of vai’jnng the amounts of alcoholic sodium iodide on the 
colorimetric readmg is shown m Fig 2 

The selection of the exact amount of alcoholic sodium iodide foi use m 
the pioceduie ivas further mfluenced bj'' piactical considerations The 

Tabix III 

Miscibility Characteristics of Heptane and 10 Per Cent Sodium Iodide in 
95 Per Cent Ethyl Alcohol 


10 cc of heptane were used throughout the senes 


10 per cent sodium iodide 
in 9S per cent ethyl 
alcohol 

Lower phase 

1 

10 per cent sodium iodide 
m 95 per cent ethyl 
alcohol 

Lower phase 

CC 

cc 

u 

CC 

1 

0 6 

9 

10 8 

2 

1 6 

10 

12 2 

3 

2 8 

15 

19 0 

4 

4 0 

20 

26 0 

6 

6 4 

25 

33 0 

6 

6 8 

30 

40 0 

7 

8 1 

35 

45 0 

8 

9 5 

40 

60 0 


The bold-faced figures indicate the ratio at which complete mi-nng first takes 
place 


higher reading obtamed mth a lower phase of 1 6 cc which resulted from 
the use of 10 cc of heptane and 2 cc of alcohohc sodium iodide would have 
been prefeiable to the readmg obtamed ivith 3 cc of alcohohc sodium 
iodide, which gave a low er phase of 2 8 cc A lower phase of 1 6 cc would 
have reqmred the use of the more expensn e and less sturdy micro colori- 
meter tubes We theiefore employed 3 cc of alcohohc sodium iodide, and 
utihzed the macro colorimeter tube, adaptmg the instrument m the manner 
previously descnbed to the use of the macro tube and for the resultant 
volume of 2 8 cc 

Characterishcs of Blown Color Developed — ^Absorption spectia were made 
inth a Beckman quartz spectrophotometer to obtam more information 
about the nature of the color which develops when heptane containmg 
pentabromoacetone is allow ed to react with alcohohc Nal The absorption 
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charactcnslics were found to be identical wuth those of fiee iodine in an 
alcoholic solution of Nal, as is endent from Table IV 
In accordance wuth the absorption spectra, both IQett-Summerson 
Filters 40 and 42 were imcstigated Contraiy to expectations, higher 
colonmctnc readings and better proportionality were obtamed ovei the 



Micpogpoins citi?ic acad 

Flo 2 Total color developed with different concentrations of citric acid and differ- 
ent amounts of 10 per cent sodium iodide in 95 per cent ethyl alcohol 

range of 10 to 60 y wath the lattei This is most likely due to a decreased 
sensitivity of the instrument at the lowei wave-lengths of the visible 
spectrum Foi these leasons Filtei 42 w'as selected It should be pom ted 
out, in this connection, that not all Filteis 42 supphed for this instrument 
give a uniform performance Of twm such filters on hand, one gai e hnear 
proportionahty up to a reading of about 400 on the colonmeter, w'hile the 
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other fell off at about 250, and hence could not be used foi the citnc acid 
method 

In the range between 10 and GO 7 of citnc acid as determmed by this 
method there is a straight hne lelationship between the colorimetnc 
readmg and the concentration of citric acid 
In Fig 3 aie presented the results obtamed ovei tins range of concentia- 
tions Each point repiesents an arithmetic mean of fi\e determinations 
at each concentration, the blank value for the leagents havmg been de- 
ducted These blank values weie found to differ with each set of deter- 
mmations, making it impossible to use a standard cahbiation curve 
Hence, it has been found necessary to run standard solutions for each 
senes of determinations These fluctuations m the blank i allies veie 

Table IV 

Absorption Characteristics of Reaction Color Complex Compared with Free Iodine 
in Alcoholic Solution of Sodium Iodide 


The results are expressed in per cent transmission 


Wa\ c length 

Reaction 

color 

Free lodme + 
sodium iodide 
in cth>l alcohol 

Wa%e length 

Reaction 

color 

Free iodine + 
sodium iodide 
in eth> alcohol 

inti 



mti 



320 

10 

10 

410 

38 

38 

330 

11 

11 

420 

61 

51 

340 

4 

4 

430 

60 

60 

350 

2 

2 

450 

74 

74 

360 

1 

1 

480 

90 

90 

370 

2 

2 

520 

96 

96 

380 

4 

4 

540 

97 

97 

390 

11 

11 

600 

98 

98 

400 

23 

23 

650 

100 

100 


appaientlj not related to small vanations m the concentration of the 
sodium iodide solution, smce the use of sodium lorlide solutions of definite 
normahty failed to elimmate them We have not investigated other 
possible sources of this variation 

The need for the actual determination of the lelstively small leagent 
blank v as at oided bj^ runmng tt\ o standards at different concentiations for 
each senes of determmations, as suggested by Barker and Summerson (4) 
The difference in readings between the t\\ o standards provides the basis for 
the calculation of both the “apparent blanlc” and the actual concentrations 
of citnc acid 

I^^len leadings fall outside the lange of accuracy of the urme procedure, 
it IS still possible to salvage the determmation Smce there is an excess 
available of the final heptane extract, the final step, that of color dmelop- 
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mcnt, can be icj)eatofl Ijy taking smaller oi laigcr aliquots of the heptane 
e\tract, depending on \\licthoi tlic leadings aie too high or too low, and 
diluting them to 10 ec i\ith Iieptane With the plasma piocedure, if 
readings aie too high, thej may be brought Mithin the range of accuracy of 
the method bj’’ diluting tlie final lower coloied phase in both standards and 
unknown with a definite amount of alcoholic sodium iodide If readings 
are too low, the determination must be repeated with larger amounts of 
plasma 

520 

480 

C 400 

a 360 

S 320 

S 280 

I 240 

I 200 

no 
80 
40 


Fig 3 Color developed as a function of the citric acid concentrations over a range 
of 10 to 60 y 

Comparison of Colorimelric and Tilrimelric Methods, Recovery Experi- 
ments— In addition to con\ entional recovery experiments with urine and 
blood, a companson was made of the values for citnc acid obtained with 
thts colorimetnc method and with the macrotitnraetnc method of Goldberg 
and Bemlieim The values obtained by the microcolonmetnc method 
with a 1 5 cc ahquot of plasma, and by the macrotitnmetnc method with a 
40 cc aliquot arc given in Table V 

Similar comparisons were made between the colorimetnc method as 
applied to unne, and the titnmetnc method of Goldberg and Bemhcim 

fTable VI) , 

Recovery experiments were earned out wuth plasma and unne Uith 
plasma, the desired amount of citnc acid was contained m the tnchloro- < 
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acetic acid used for the preparation of the protem-free filtrate, with iinne, 
the desired amount of citnc acid was added to make the dilution The 
results aie summarized m Tables VII and VIII 
Determinatton of C%tnc Acid m Urine Containing Glucose — The presence 
of significant amounts of glucose m unne mterferes appreciably inth the 


Tabu: V 


Compartson of Citnc Acid Determinations in Plasma by Microcolonmetnc and 

Macrotitnmelnc Methods 


Plasma No 

CitrM 

Microcolorimetric 

: acid 

Macro titnmetnc 

Difference 


mg Per cent 

mg Per cent 

per cent 

1 

2 29 

2 24 

+2 

2 

2 35 

2 55 

-8 

3 

2 13 

2 19 

1 

-3 


, Table VI 

Determination of Citric Acid in Urine by Colorimetric and Titnmetnc Procedures 


Urine No 

Urine 

Citric acid per 24hrs 

Difference 

Colorimetric method 

Titrimetric method 


C€ 

mg 

mg 

per cent 

1 

0 1 

293 

310 

+5 

2 

0 1 

436 

438 

0 

3 

0 1 

435 

443 

+2 

4 

0 1 

826 

840 

+2 

5 

0 1 

465 

430 

-7 

6 

0 1 

553 

660 

+1 

7 

0 5 

680 

688 

+1 

8 

0 5 

908 

872 

-4 

9 

0 5 

705 

720 

+2 

10 

0 5 

675 

655 

-3 

11 

0 5 

215 

230 

+7 

' 12 

0 5 

630 

505 

-5 

13 

0 5 

560 

675 

+3 

14 

0 5 

848 

850 

0 


accuracy of citric acid determmations AshttleaslSgm per liter reduces the 
reco^erj' of citnc acid by as much as 30 per cent iihen it is measured by 
the titnmetnc method of Goldberg and Bemheun Howevei, nhen 
such urines are analyzed, after appropnate dilution, by our colorimetnc 
method, excellent recovenes are obtained m the presence of as much as . 
100 gm of glucose per liter The extent to which glucose may be present 














H H TAUSSKY Afrt) E SHOHR 


117 


m urine mthout interference with the reeoveiy of citric acid is shown in 
Table IX 


Table VII 

Rccoicrtj of Cttric Actd Added to Blood Plasma 


Plasma \o 

Citric acid added 

Citric acid found 

Citric acid recovered 


7 

7 

per cent 

1 

0 

35 1 

104 


20 

56 2 

2 

0 

27 7 

96 


20 

46 9 

3 

0 

! 27 3 

101 


20 

47 6 

4 

0 

21 2 

102 


15 

36 5 


Table VIII 

Recovery of Citric Acid Added to Urine 


Urme No 

Citric acid added 

Citric acid found 

Citric acid recovered 


7 1 

7 

per cent 

1 

0 

48 6 j 

98 


20 

68 2 

2 

0 

35 6 

92 


20 

54 0 

3 

0 

17 8 

100 


10 

27 8 

4 

0 

15 4 

104 


10 

25 8 


Tabi^ IX 


Determination of Citric Acid in Unne in Presence of Glucose 


1 

Urine No 1 

(0 1 cc samples) 

Glucose added to urine 

1 

Citric acid found in urine 


grrt per 1 

mg per 1 

1 

0 

293 

1 

20 

293 

1 

50 

298 

1 


293 

2 

0 

680 

2 

50 

680 

2 

100 

685 


Other Possible Interfering Substances — A. large number of substances 
have been mvestigated by other workers (5, 6) for their possible mter- 
ference mth the determmation of citnc acid by its conversion to penta- 













118 


mCRODETERMINATION OF CITRIC ACID 


biomoacetone A numbei Mere reinvestigated bj" our proceduie and ivere 
found not to increase the colorimeter leading vhen added to 20 7 of citnc 
acid in amounts of 1 mg , these ueie pjTuvic, succmic, lactic, luppuric, 
fumanc, malomc, glutaric, a-ketoglutanc, malic, uric, taitanc, oxalic, 
and ascoibic acids, urea, glucose, th3Tnol, toluene, cieatine, and cieatimne 
Intel ference hy Acetone Bodies — ^Acetone and acetoacetic acids aie 
ehimnated, uhen piesent m greater than noimal amounts, by the pro- 
cedures described above The amounts piesent m noimal blood do not 
mterfeie /3-Hydro\ybutjuic acid is, however, not destioyed bj’’ boilmg 
m acid solution, but is sIomIj"- though not completely eliminated bv the 
prehminarj’- brommation 


STIMMARX 

1 A microcolonmetiic method has been descnbed for the deteimmation 
of citric acid in small samples of blood and urme 

2 The method is based on the conversion of citric acid to pentabromo- 
acetone and on the subsequent leaction between pentabromoacetone and 
sodium iodide 

3 This reaction lesults m the development of a j'eUow coloi complex 

4 The range of sensitivity of the method is from 10 to 60 7 
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PEPTIDE BOND SYNTHESIS 

II THE FORMATION 01 p AMINOHIPPURIC ACID BY LITOR 
HOMOGENATES* 

Bi PHILIP P COHEN A^D R W McGILVERY 
{h ront Ihc Laboratory of Physiological Chetmsliy, University of Wisconsin, Madison) 
(Rcccncd for publication, March 17, 1947) 

The demonstration of the enzjnnatic formation of p-aminohippunc acid 
(PAH) from p-aminobenzoic acid (PAB) and glycine (1) has made avail- 
able a convenient model system foi the study of peptide bond synthesis 
Because of the complex metabolic relationships existent m surviving tissue 
and such considerations as diffusion and permeability, the tissue slice 
technique emplo 3 'ed m the prehmmaiy study is of limited value m studymg 
the mechamsm and kinetics of the reaction For this reason, we have 
turned to the homogenate technique, smee it provides a lelatively uniform 
tissue matenal dispersed to the point where many endogenous reactions are 
suppressed 

The present study is concerned with the conditions that must be mam- 
tamed for support of the synthesis by homogenates and provides insight 
into the requisite source of energy 

Procedures and Methods 

Analytical — PAH and PAB were determmed by the method desenbed 
previously (1), in which the protems are precipitated with tnchloroacetic 
acid, the acid neutralized with sodium hydroxide, the neutral filtrate 
brought to pH 3 95 with a citrate-phosphate buffer, and the PAB ex- 
tracted mth ether and benzene Smee the medium used for homogenate 
studies was moie highly buffered and the amount of protein m the reaction 
mixture was high and vanable, it vas not possible to adjust the alkali 
concentration so that all samples could be neutrahzed with a fixed volume 
The resultant variation was reflected somewhat in the pH of the buffered 
extraction mixtuie, causmg differences m the PAH values determmed To 
avoid the mdividual titration of each sample, the concentration of the 
citrate-phosphate buffer vas increased 5-fold The buffer was made by 
the addition of 0 5 M citnc acid to 1 0 m disodium phosphate until the 
pH upon 3-fold dilution was 3 85 At this new concentration and pH, 1 0 
per cent of the PAB and 88 per cent of the PAH remamed after extrac- 
tion, so that 

■r, . TT (Total after extraction) — 0 01 (total before extraction) 

PAH= ^ 


‘tided in part by a grant from the Wisconsin Alumm Research Foundation 
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^Tissue — ^Rat liver homogenates were used throughout this study After 
the animal was stunned and exsanguinated, the liver was removed and 
placed on ice Homogenization uas earned out in the cold room, with a 
glass pestle and v ith cold isotonic KCl as the suspendmg medium The 
pestle V as diiven at 3000 to 4000 r p m , and the homogenization was con- 
tmiied at least 1 minute after the tissue had been bioken up, vith lapid 
movement of the tube up and dowm the pestle The homogenate was 
filtered through glass wool before use 

These conditions msured practically complete disruption of cells The 
necessity of an intracellular type of medium and a pronounced dilution 
effect provide additional evidence foi the essentially cell-free natuie of the 
homogenate 

Siibsti ales — Coenzyme I (DPN) was prepared from bakei-s’ yeast by the 
method of Williamson and Green (2) and punfied by a new method of 
LePage (3) The pieparation contamed 52 per cent of DPN, as deter- 
mined by the spectrophotometnc method We are indebted to Dr V R 
Potter for performmg the analysis Matenal prepared by the method of 
Williamson and Green was contanunated with heavy metals together wuth 
a substance that reduced cytochrome c (probablj’- glutathione), and as- 
sayed only 20 to 30 per cent of DPN According to LePage,^ the chief 
contaminant of the punfied matenal w'as adenylic acid The product did 
not reduce cytochrome c 

Adenosme tnphosphate (ATP) w'as made from rabbit muscle and pun- 
fied by leprecipitation as the banum salt (4) For use, the salt was dis- 
solved m 0 1 M phosphonc acid, the banilm precipitated as the sulfate, and 
the solution neutrahzed with KOH 

C 3 dochrome c was piepared from beef hearts by the method of Keilin and 
Hartree (5) and stored m solution 

PAB w as punfied as before (1) Fumanc acid was a commercial product 
recrystallized from boiling HCI to remove traces of maleic acid oi anhj- 
dnde Glycine, malic acid, n-glutamic acid, citiic acid, oxalic acid, ace- 
tunc acid, and thiamine pyrophosphate were commercial products Py- 
ruvic acid was a ledistilled commeicial pieparation a-Ketoglutanc acid 
and oxalacetic acid were synthetic pioducts (4) Succinic acid was pie- 
pared fiom the anhydnde Commercial calcium hexose diphosphate'’ 
w as treated wuth excess oxahe acid to precipitate calcium, and the calcium- 
free solution used The morgamc salts were commercial products selected 
for low calcium content 

I We wish to expiess our appreciation to Dr G A LePage for his many helpful 
suggestions concerning the preparation of DPN 

: We are indebted to the Endo Products, Inc , for a generous supplj of this 

compound 
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All substiates and media Mere made up Mith tunce distilled M^atei and 
bi ought to the piopei pH (usually 7 55) Mith KOH undei the glass elec- 
tiode The media iieie made isotomc noth KCl in a final volume of 4 0 
ml per flask, details of the composition aie leported with each expenment 
Pioccdwe — The homogenate M'as immediately added to the cold media m 
Waibuig flasks, and the flasks M'ere kept on ice until placed on the ma- 
nometere Alkali m as placed m the center lyells of the flasks and the gas 
phase M'as 100 pei cent oxj^gen, unless otherM'ise noted The mcubations 
Meie carried out ivith sliaking at 38° Warburg flasks Mere used for con- 
vemence only, since gas exchange M'as not measured 
The incubations m ei e terminated by placing the flasks in ice M'ater, and an 
aliquot foi analj’^sis m as quickly lemoved and added to previously measured 
tnchloroacetic acid solution 

Our results aie lepoited on the basis of the M’eight of PAB converted to 
PAH per mg of homogenate nitrogen, m Inch M^as deteimined on an ahquot 
of the homogenate by the mici o-Kjeldahl method This method of ex- 
piessmg the results reflects the activity of the homogenate more accurately 
than does one based on the total M'eight of the hver used, since tins quantity 
depends on the vanable factors of fat, water, and glycogen content which 
have no relation to the enzymatic activity 

Residis 

Inorganic Ions — In the imtial experiments, adenosine tnphosphate 
(ATP), coenzyme I (DPN), and cytochrome c M'ere added, although no 
requirement for them had yet been shoivn Replacement of sodium ion 
with potassium ion markedly stimulated the reaction (Fig 1) The shape 
of the curve mdicates that the reaction mvolves a stimulation by the 
potassium ion rather than an inhibition by sodium ion Smce the tM^o ions 
are ordmanly equivalent m reactivity, the effect may be due to an influence 
on the state of aggregation of the liberated intracellular pioteins In 
subsequent experiments, potassium salts Mere emplo3ed exclusivel3’’ 
Calcium ions inhibited the reaction (Fig 2) This Mes expected, since 
the synthesis lequires the support of an oxidative metabohsm, and calcium 
ion loMers the respiration of homogenates in general and is an activator for 
the breakdoMu of the pyndme nucleotides and adenyd phosphates (6, 7) 
Magnesium ion in Iom' concentration shghtb’’ stimulated the formation 
of PAH (Fig 3) The maximum stimulation varied Muth the composition 
of the expenmental medium Fig 3 illustrates the effect for Iom potassium 
concentrations At higher potassium concentrations, the amount of stimu- 
lation IS less, and the optimum concentration range broader In later 
experiments when fumarate was added, the stimulation M'as a maximum 
of 8 per cent at 0 00038 m magnesium Although the magmtude of stimu- 
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lation was sligtit, magnesium ion nas alvsays added m ordei to mamtain 
maximum activity It probably exerts its effect secondarily through the 



Fig 1 p-Aminobenzoic acid (PAB) converted to p aminohippunc acid per mg of 
homogenate mtrogen in two experiments with increasing potassium ion concentra- 
tion 0 5 ml , contaimng 7 5 to 9 5 mg of nitrogen, of a rat liver homogenate nas 
added to each flask Final concentrations, 0 001 PAB, 0 01 m glj cine, 0 01 « phos- 
phate at pH 7 40, 0 00096 m magnesium sulfate, 0 0O000S5 ii cytochrome c, 0 00038 si 
coenzyme 1, 0 0015 si adenosine triphosphate Total volume of 4 0 ml made isotonic 
■with NaCl, potassium added as KCl, incubated 60 minutes at 38° under 100 per cent 
oxygen 



Fig 2 Inhibitorj action of calcium ions on the consersion of p-aminobenzoic 
acid (PAB) to p aminohippunc acid 1 0 ml , containing 9 9 mg of nitrogen, of a 
rat Iner homogenate uas added to each flask Final concentrations, 0 001 m PAB, 
0 01 M gb cine, 0 01 v phosphate at pH 7 40, 0 OOOOOS5 u cj tochrome c, 0 00038 it 
coenzyme I, 0 0015 xt adenosine triphosphate, 0 00154 m magnesium sulfate, 0 0062 u 
potassium chloride Total x olume of 4 0 ml made isotonic n ith NaCl, incubated 60 
minutes at 38° under 100 per cent oxj gen 

mamtenance of a reaction contnbuting to the energj- required for the 
synthesis of the peptide bond 
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Fluonde (Fig 4) slightly stimulated the reaction at a low concentration, 
and inhibited at higher concentrations in the presence of ATP However, 
the nihibitor 3 '^ concentrations are lou enough to suggest that a trans- 
phosphorylation mechanism may be involved in the synthesis 
Phosphate ion vas without significant effect on the reaction over the 
range from 0 01 to 0 06 m (Table I) The shght stimulation obseiv’ed at 
higher phosphate concentrations can be accounted for by better buffenng 
action 




Fig 3 p-Ammobenzoic acid (PAB) converted to p-armnohippunc acid per mg 
of homogenate nitrogen nith increasing magnesium concentrations 1 0 ml , con 
taming 9 mg of nitrogen, of a rat liver homogenate added to each flask Final 
concentrations, 0 001 m PAB, 0 01 m glycine, 0 01 ii phosphate at pH 7 40, 0 00000S5 
M cjtochrome c, 0 00038 v coenzyme I, 0 0015 m adenosine triphosphate, 0 0062 si 
potassium chloride Magnesium added as the sulfate Total volume of 4 0 ml 
made isotonic with NaCl, incubated 60 minutes at 38° under 100 per cent oxjgen 

Fir 4 The action of fluoride on the aerobic conversion of p aminobenzoic acid 
(PAB) to p anunohippuric acid 1 0 ml , containing 6 0 mg of nitrogen, of a rat 
liver homogenate nas added to each flask Final concentrations, 0 001 st PAB, 
0 01 M glycine, 0 00078 si magnesium sulfate, 0 037 si potassium phosphate at pH 
7 55, 0 000012 SI cytochrome c Fluoride added as sodium salt, total volume of 4 0 
ml made isotonic with KCl, incubated 45 rmnutes at 38° under 100 per cent ovjgen 

Effect of pH — The ssmthetic activity of the homogenates v\as cnticallj^ 
dependent on the pH (Fig 5) We bad absented that 0 01 M phosphate 
buffer, the concentration commonlj^ emplo 3 "ed in homogenate studies, v as 
hot adequate to mamtain the pH at a constant level, particular!}’- in higher 
tissue concentrations Consequently, ne raised the phosphate concentra- 
tion 6-fold m order to study the effect of pH, since changes in phosphate 
concentration had a neghgible effect on the rate of the reaction over this 
range Even at this higher concentration, the pH dropped from 0 05 
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/ Tabli, I 

Ej^ect of Phosphate on p-Annnohtppunc Acid Formalton 
1 0 ml , containing 7 1 mg of nitrogen, of a rat liver homogenate n as added per 
flask Final concentrations, 0 001 m p-aminobenzoic acid (PAB), 0 01 ii glycine, 
0 00078 M magnesium sulfate Phosphate was added as potassium salt at pH 7 40 
Total volume of 4 0 ml made isotonic nith KCl Incubated 45 minutes at 38° 
under 100 per cent oxygen 


Phosphate concentration 

PAB converted 

if X I0-» 

y Per mg N 

1 03 

27 2 

1 54 

26 6 

2 06 

25 9 

2 58 

26 6 

3 09 

27 2 

3 60 

27 6 

4 12 

28 4 

4 64 

29 3 

5 15 

29 8 

5 66 

29 8 

6 IS 

30 8 



Fig 5 The effect of varying hydrogen ion concentrations on the production of 
p aminohippunc acid Final concentrations, 0 001 m p aminobenzoic acid (PAB), 
0 01 M glj cine, 0 00078 m magnesium sulfate, 0 062 ii potassium phosphate Total 
medium adjusted to \arious pH values befoie the addition of the homogenate pll 
aalues shown are those of the media at the end of the incubation Two experi- 
ments are shown the homogenate nitrogen value of the first experiment (O) not 
know-n, and the value assumed, so that pH 7 40 values in both ex-periments coincide, 
mtroge’n value of the second experiment (©) 5 4 mg per flask Total volume of 4 0 
ml made isotonic with KCl, incubated 45 minutes under 100 per cent oxygen 

to 0 15 unit m the range of pH 7 2 to 7 6 dunng the coui-se of the incuba- 
tion The results in F-g 5 are based on the pH (at 25°) of the medium 
at the end of the mcubation time, showing a ma x i m u m at pH 7 55 The 
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initial pH of the buffer for this final value was 7 60 to 7 65 Since the pH 
curve IS steep on the alkahne side of the optimum, ve subsequentlj' em- 
ploj^ed pH 7 55 as the imhal value foi oui media in order to provide a 
slight margin of safet 3 " in the event of small errors in adjusting the glass 
electrode 

The pioblem of pH control has not been adequatelj'- dealt vith m many 
studies employing the homogenate techmque, paiticularly since the 
sensitivity of the enzjTne systems to changes m the hj’^diogen ion concen- 
tiation IS usuall3’' unknoyii, and the homogenate, iinhke intact tissue 
slices, has little inheient piotection against cnviionmental changes 



Fig 6 p-Ammobippunc acid production from var^'ing concentrations of p ammo 
benzoic acid (PAB) 1 0 ml , containing4 0 mg of nitrogen, of a rat liver homogenate 
was added per flask Final concentrations, 0 01 M glycine, 0 00078 v magnesium 
sulfate, 0 058 m potassium phosphate at pH 7 55 Total volume of 4 0 ml made 
isotonic v ith KCl, incubated 45 minutes at 38° under 100 per cent oxj gen 

0 01 M phosphate buffer is inadequate to piotect a pH-sensitive homogenate 
system, smee an addition of 0 0007 N acid or base will shift the pH 0 2 
unit in the region of pH 7 5 Even vuth higher phosphate concentiations, 
it is necessary to empIo 3 ’' the glass electrode in making up the media, 
because the substrates aie often buffers m then own nght, and the practice 
of adjusting the pH of then solutions mth a spot plate is subject to gro^^; 
error 

Substrate Concenti ahoiis — 0 001 m PAB was adequate to saturate the 
system in the presence of 0 01 m glycme (Fig 6) Vanation in the PAB 
concentration necessitated the use of different dilutions in performing 
the analysis, thus introducing vanable errors which are i effected m the 
spread of the expeiimental pomts in Fig 6, paiticularl 5 ’' along the plateau 
However, the quahtative effect of increasing the PAB concentration is 
apparent 

Glycme w'as lequired in 15 times the concentration of PAB m order to 
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achieve maximum synthesis of PAH (Fig 7) The presence of two hnear 
slopes m the glycme concentration curve caimot be explamed at this time 



Fig 7 Effect of \arying glycine concentrations 6n the production of p-amino- 
hippunc acid from 7J-ammobenzoic acid (PAB) 1 0 ml , containing 4 9 mg of nitro- 
gen, of a rat liver homogenate w as added per flask Final concentrations, 0 001 m 
PAB, 0 00078 SI magnesium sulfate, 0 04 si potassium phosphate at pH 7 55 Total 
volume of 4 0 ml made isotonic \\ itli KCI , intubaled 45 minutes at 38° under 100 per 
cent oxj gen 


Tabll II 

Replacement of Glycine hy Acelunc or Glyoxyhc Acid 
1 0 ml , contaimiig 5 1 mg of nitrogen, of a rat Iwer homogenate v as added per 
flask Final concentrations, 0 001 m p-aminobenzoic acid (PAB), 0 00078 si mag- 
nesium sulfate, 0 045 si potassium phosphate at pH 7 55, 0 000012 si cytochrome c 
Total volume of 4 0 ml made isotonic with KCI Incubated 45 minutes at 38° under 
100 per cent 0x5 gen Total PAB-PAH recovered was 101 per cent 


Glycme 

concentration 

Aceturate 

concentration 

Gl>o'cylatc 

concentration 

NHiCl 

concentration 

P 4B com erted 

V X I0-» 

Jf X Iff-’ 

If X Iff-’ 

Jf X Iff-* 

y per mg N 

5 0 




27 7 


j 0 0 



3 8 

5 0 

5 0 



30 3 

10 0 

1 



37 2 



5 0 

5 0 

3 3 

5 0 


38 

3 8 

12 6 


Replacement of Glycine— If glycme is replaced by 0 005 ar aceturate 
(Table II), the synthesis of PAH drops to a value nearly as low as that 
corresponding to the production with no added glycine (Fig 7) This 
failure of the N-acetylated denvative to support the synthesis is not due 
to any inhibitory effects, smee, with added glycme m the presence of 
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aceturate, the level of production of PAH is even higher than with glycine 
alone, but it does not appioach the value obtained with additional glycme 
Glyoxylate and ammonia hkcivise cannot be substituted for glycine m 
0 005 Ji concentiations Hovever, in even lover concentrations, these 
compounds inhibit the formation fiom added glycine 
The magnitude of the total lecovenes of the added PAB in this and 
other experiments precludes acet 3 dation of the p-ammo group in significant 
amounts in our studies, as was found in experiments with tissue slices (1) 




Fig 8 The stimulation of the conversion of p-aminobenzoic acid (PAB) to p- 
aniinobippuric acid bj cytochrome c 1 0 ml , containing 4 8 mg of nitrogen, of a 
rat liver homogenate v as added per flask Final concentrations, 0 001 m PAB, 0 01 m 
glycine, 0 00078 m magnesium sulfate, 0 047 m potassium phosphate brought to pH 
7 55 Total volume of 4 0 ml made isotonic nith KCl, incubated 45 minutes at 38° 
under 100 per cent oxj gen 

Fig 9 The suppoi t of anaerobic synthesis of p ammohippuric acid from p amino- 
benzoic acid (PAB) by adenosine triphosphate (ATP) 1 0 ml , containing 4 5 mg 
of nitrogen, of a rat liver homogenate was added per flask Final concentrations, 
0 001 M PAB, 0 01 v glycine, 0 00078 m magnesium sulfate, 0 051 m potassium phos 
phate brought to pH 7 55 Total volume of 4 0 ml made isotonic vith KCl, incu- 
bated 45 minutes at 38° under 100 per cent nitrogen. Van Slyke oxygen absorbing 
mixture (8) was placed in the center wells 

Cytochrome c — Cytochiome c is required to attain maximum synthesis, 
0 000009 M bemg sufficient to saturate the system (Fig 8) We have 
usually added 0 000012 m cytochiome c to our media to prevent deficiency 
of this substance bemg the limitmg factor 

Adenosine Tnphosphate—KTV m high concentrations will support the 
reaction anaerobically (Fig 9), but the magmtude of the formation of 
PAH is low compared to that achieved aerobically Since this low value 
might be due to the rapid hydrolysis of the ATP by adenosmetnphos- 
phatase (ATPase), an experiment was devised m which ATP was added 
at varyung time mtervals, so that the final amount of ATP in each flask 
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was constant (Table III) Adding 12 micromoles of ATP imtiaily, m two 
6 micromole quantities, or m three 4 micromole quantities, achieved 
substantially the same small mcrease over the control level 
Smce the possibUity existed that fluonde exerted its mhibitory effect 
thiough a secondary action and fluonde is known to repress the hydrolysis 
of ATP, an experiment was run in which ATP was added anaerobically 
m the presence of fluonde (Table IV) ATP was without action aerobi- 
callj'', when it was added alone Fluonde inhibits anaerobicall}’’ even in 
0 001 M concentiations, m which it was without effect aeiobically (Fig 4) 
Although ATP stimulated synthesis in the presence of fluonde, the level 
was below that attamed m the absence of fluonde 

Tabus III 

Effccl of Successive Adenosine Triphosphate (ATP) Additions on Anaerobic 
p-Aminohippurtc Acid Formation 

1 0 ml , containing 5 5 mg of nitrogen, of a rat h\er homogenate vas added per 
flask Final concentrations, 0 001 &i p-aminobenzoic acid (PAB), 0 01 m glycine, 
0 037 M potassium phosphate at pH 7 55, 0 00078 m magnesium sulfate Total volume 
of 4 0 ml made isotonic vith KCl Van Slyke o\ygen-absorbmg mixture (8) in the 
center w ells Incubated 45 minutes at 38° under 100 per cent nitrogen Initial ATP 
added to the main compartment, successive portions tipped in from the side arms at 
stated times 


ATP additions 

FAB converted 

Tune added 

Amount added 

mtn 

mtcromoles 

y per mg A 



6 5 

0 

12 0 

8 0 

0 

6 0 


5 

0 0 

8 4 

0 

4 0 


5 

4 0 


10 

4 0 

8 9 


Tile high ATPase activit}’- that would be expected m the homogenate 
concentrations employed pi events an accurate assessment of the r61e of 
ATP from these expenments Hovever, the fact that ATP ivill suppoit 
the reaction anaerobically, even though the magmtude of conversion is 
low, indicates that high energy phosphates are closely, if not directly, 
concerned in the formation of the peptide bond 
Comeiabohtes and Coenzymes—Y&nous energy-yielding substrates and 
coenzjmes vere tested (Table V) Neither DPN nor thiaimne pyrophos- 
phate had any effect when added alone Vanous components of the citnc 
acid cycle, mcludmg all of the 4-carbon dicarboxyhc acids, a-ketoglutarate, 
and citrate, stimulated the synthesis markedly Glutamate and pyruvate 
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Table IV 

Effect of Adenosine Tiiphosphalc (ATP) in Presence of Fluoride on p-Arninohippurtc 

Acid Formation 

1 0 ml , containing 4 47 mg of nitrogen, of a rat liver homogenate was added per 
flask Final concentrations, 0 001 m p aminobenzoic acid (PAB), 0 01 M glycine, 
0 0007S 'll magnesium sulfate, 0 037 m potassium phosphate at pH 7 55 in all flasks 
Fluoride added as sodium salt Cj tochrome c, 0 000012 m in flasks with o\ygen 
Total \olume of 4 0 ml made isotonic with KCI Alkali was added to the center 
wells of aerobic flasks, and the Van Slj ke oxygen absorbing mixture (8), to the wells 
of anaerobic flasks Incubated 45 minutes at 38° 


Gas pha«o 

rluoridc concentration 

ATP concentration 

PAB converted 


V X to-i 

u X 10-^ 

y per mg lY 

Oxygen 



35 8 

(( 


3 0 

35 8 

Nitrogen 



7 5 

fl 


3 0 

9 5 


1 0 


5 0 

(1 

5 0 


3 6 

(( 

1 0 

3 0 

8 3 

ft 

5 0 

3 0 

7 8 


Table V 

Effect of Metabolites and Coenzymes on p-Annnohtppuric Acid Formation 
1 0 ml , contaimng 3 8 to 4 3 mg of nitrogen respectively of a rat liver homogenate 
w as added to each flask of both experiments Final concentrations, 0 001 m p-amino 
benzoic acid (PAB), 0 015 glycine, 0 00078 ii magnesium sulfate, 0 037 m potassium 
phosphate at pH 7 55, 0 000012 m cytochrome c Total volume of 4 0 ml made 
isotonic w ith KCI Incubated 45 minutes at 38° under 100 per cent oxygen 


ETpenment No 

Metabolite 

PAB concerted 



jf X lO-i 

y Per mg 

Per cent control 

1 

1 Glut iiiiate 

5 0 

87 8 

131 


1 a-Ketoglutarate 

5 0 

77 0 

115 


Citrate 

5 0 

91 3 

136 


Succinate 

5 0 

88 4 

132 


Malale 

5 0 

93 9 

140 


Oxalate 

0 5 

' 69 4 

103 


Hexose diphospliate andO 0005 j 

5 0 

: 66 2 

99 


M oxalate 


1 1 



Coenzjnie I ! 

0 77 

69 4 

103 


Thiamine p 3 rophosphate 

0 97 

66 2 

99 

i 

Control 


67 0 


2 

Succinate 

5 0 

79 8 

144 


iMalate 

0 0 

87 5 

160 


Oxalacetate 

5 0 1 

86 6 

159 


Fumarate 

5 0 

89 0 

162 


Pyruvate 

5 0 

74 2 

131 


Control 


54 6 1 
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also caused an increased production Oxalate, in the concentration 
present in the hexose diphosphate after removal of the calcium (see “Pro- 
cedures and methods”)? was without marked effect, and the hexose diphos- 
phate u as mactive Although the absence of DPN might account for the 
failure of hexose diphosphate to show a stimulation, malate and glutamate 
were both active in the absence of added coenzjTne Of all of these ad- 
ditional substiates, succinate, malate, oxalacetate, fumarate, citrate, and 
glutamate were most effective m stunulatmg the reaction Smce the addi- 
tion of glutamic acid mtroduces the comphcation of the possible formation 


Table \ I 

Effect of Fumarate and Oxygen on p-Aytnnohippurtc Acid Formation 
1 0 ml , containing 5 8 mg of nitrogen, of a rat liver homogenate v\ as added to each 
flask Final concentrations, 0 001 m p-aminobenzoic acid (PAB), 0 015 m glycine, 
0 00078 M magnesium sulfate, 0 000012 m cytochrome c, 0 037 ir potassium phosphate 
at pH 7 55 Final \ olume of 4 0 ml made isotonic with KCl Incubated 45 minutes 
at 38° under 100 per cent oxi gen 


Gas pha e 

Fumarate concentration 

PAB converted 


jf X to-i 

y per mg A 

0\i gen 


57 4 

(( 

0 62 

70 6 

H 

1 25 

74 7 

it 

2 50 

81 5 

it 

3 75 

80 1 

It 

5 00 

81 5 

n 

6 25 

81 6 

i< 

7 50 

80 0 

tt 

10 00 

79 8 

it 

12 50 

79 6 

Air 


60 9 

(( 

12 50 

80 0 


of p-ammobenzoylglutanuc acid,ve elimmated it as a metabolite for further 
study, and of the remaimng compounds chose fumarate as a lepiesentative 
4-carbon acid for more intensive investigation 

Pumarate exeits its maximum action at the lelatively low concentration 
of 0 0025 M (Table VI), and furthei increases m concentration are wnthout 
action The data also show' that, in the absence of fumarate, lowenng the 
oxygen tension by using an as the gas phase stimulates the reaction, while 
in the presence of fumarate this effect disappeara 
The addition of 4 mg of DPN oi 4 miciomoles of ATP in the piesence of 
0 0025 M fumarate stimulated the sjTithesis (Table ^ II) in contrast to the 
results obtamed m the absence of fumarate Sui-pnsmgly, the addition 
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of both DPN and ATP inlubited the formation of PAH (quahtatively it 
could be observed that the oxygen uptake was greater in the presence of 
both) llTule nicotinamide inlubited the synthesis, perhaps thiough a 
competitive foimation of mcotinunc acid, the same effects with ATP 

lABLt VII 

Effect of Adcnoiiinc Tiiphosphate (ATP) and Coenzyme I (DPN) in 
Presence of Fumaralc 

1 0 ml , cont unint 4 3 mg of nitrogen, of a rat liver homogenate was added per 
flask Final concentrations, 0 001 m p-aminobenzoic acid (PAB), 0 015 m glycine, 
0 0025 M fumurate, 0 000012 m cytochrome c, 0 00038 M magnesium sulfate, 0 056 m 
potassium phosphate at pH 7 55 Total volume of 4 0 ml made isotonic with KCl 
Incubated 40 minutes at 38° under air 


ATP concentration 

DPN concentration 

Nicotinamide 

concentration 

PAB converted 

nXlO-i 

3/ X 10-' 

SI XIO-I 

y Ptf fnS N 




71 6 


1 54 


76 0 

1 


3 0 

55 5 


1 54 

3 0 

64 4 

2 0 



81 5 

2 0 

1 54 


61 3 

2 0 

1 54 

30 

35 8 


Table VIII 

Effect of I artjiny idenostne Triphosphate (ATP) Concentrations in Presence 

of himaratc 

1 0 ml , containing 4 04 mg of nitrogen, of a rat liver homogenate was added per 
flask Final concentrations, 0 001 m p-aminobenzoic acid (PAB), 0 015 ir gbcine, 
0 0025 M fumarate, 0 000012 m cj tochrome c, 0 00038 m magnesium sulfate, 0 056 Ji 
potassium phosphate at pH 7 55 Total volume of 4 0 ml made isotonic with KCl 
Incubated 40 minutes at 38° under air 


ATP concentration 

PAB conv erted 

SI X 10-' 

7 per mg K 


67 4 

1 25 

75 4 

2 50 

74 4 

3 75 

75 8 

5 00 

76 1 


and DPN could be observ^ed m the presence of mcotmamide, w'hich was 
added to inhibit the hydrolysis of the DPN (9) The amount of ATP 
required foi maximum stimulation is less than 0 0013 m (Table 
Homogenate Concentration — In the absence of fumarate, a pronounced 
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dilution effect was observed upon varying the amount of homogenate 
added (Fig 10) An extrapolation of the hnear poition of the cun^e 
mtersected the zeio conversion level at 2 5 mg of homogenate mtrogen, 
and 12 7 mg of mtrogen vere reqmred to effect complete convemion of the 
PAB to PAH m 45 mmutes With 0 0025 m fiunarate present, as shown 
by the sohd pomts of Fig 10, the dilution effect largely disappeared, an 
extrapolation to zero mtersectmg the axis at 0 4 mg of mtiogen, and 7 5 
mg of mtrogen vere required to convert PAB to PAH completely in 45 
mmutes 



Fig 10 Coiuer&iun of p ammobenzoic acid (P4B) to p aniinohippunc acid bj 
varying quantities of homogenate Amount of homogenate expressed m terms of 
homogenate nitrogen Final concentrations, 0 001 m PAB, 0 Olo m glj cine, 0 00078 m 
magnesium sulfate, 0 000012 m cytochrome c in nil flasks Experiments designated 
O contain no fumarate, 0 05 m potassium phosphate brought to pH 7 55, and were 
incubated under 100 per tent oxj geii Expenments designated • contain 0 0025 m 
fumarate, 0 06 xi potassium phosphate at pH 7 55, and were incubated under air 
Total volume of 4 0 ml made isotonic with KCl in all flasks, incubated ISminutes 
at 38° 

Kinetics — ^With fumarate absent, the reaction pioceeds linearly for 15 
mmutes, then changes slope and proceeds hnearly at a lover rate until 
40 mmutes from zero time, and then stops completely (Fig 11) (The 
time at vhich the reaction stops x'aned somevhat m hvers from different 
animals ) In the presence of 0 0025 m fumarate, the reaction proceeds 
at a faster rate, contmues hnearly after the 15 mmute change in slope 
imtil about 50 mmutes have elapsed, agam changes slope, and continues 
linearlv In an extension of the curve (not shown) in the presence of 
0 005 M fumarate, these results v ere duplicated up to 60 mmutes, mdicatmg 
that the additional fiunarate does not further stimulate up to 60 mmutes 
The hnear portion after 50 mmutes contmued to 80 mmutes, when a nev 
slope appeared that continued to 100 mmutes, the termination of the 
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expenment At the 100 minute point, a conversion of 126 y of PAB per 
mg of homogenate nitrogen was attamed 

A tune study was also made m the presence of 0 0025 m ATP and 0 0025 
M fumarate While the rate was somewhat faster than ivith fumarate 
alone, the sliape of the curve was substantially the same It is remarkable 
that in all cases the late of conversion changes after 15 mmutes This 
has been confirmed by lunmng a late study at 2 5 minute mtervals over 
the first 30 mmutes 

It IS also notewoith}'' that, when fumarate is added, the activity of 
homogenates made from livers of different animals is stnkmgly consistent 



Fig 11 Kinetics of the formation of p-aminohippunc acid from p aminobenzoic 
acid (PAB) Total concentrations, 0 001 M PAB, 0 015 m glycine, 0 00078 ii mag- 
nesium sulfate, 0 000012 m cytochrome c, 0 060 m potassium phosphate brought to 
pH 7 55 in all flasks Total volume of 4 0 ml made isotonic v ith KCl E\penments 
designated O contained no fumarate, 1 0 ml of rat liver homogenate, 4 7 mg of 
nitrogen, and were incubated at 38° under 100 per cent o\ygen Experiments desig- 
nated • contained 0 0025 m fumarate, 1 0 ml of rat liver homogenate, 4 8 mg of 
nitrogen, and were incubated at 38° under air 

Values of 72 1, 67 5, 70 2, 71 3, 70 5, 71 8, and 67 4 7 of PAB converted 
per mg of homogenate mtrogen were attamed m 40 mmutes m six con- 
secutive experiments, with a different animal foi each homogenate, an 
extreme vanation of about 8 per cent and a mean deviation of ±2 1 pei 
cent 

The homogenate preparations aie more active than weie tissue shces (1) 
With homogenates, the Qpab is of the order of 1 7 for the 40 minute 
incubations, while, with shces, the value was 0 5 to 0 6 

DISCUSSION 

The question as to whethei the formation of PAH is a t3'pical peptide 
bond sjmthesis or a specific instance still cannot, and need not, at present 
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be answered E%en though the synthesis may be catalyzed by enzymes 
specific for hippunc acid formation, the mechanism must be quite similar 
from an energetic standpomt, if not identical, to that required to acylate 
glycme with the a-ammo carboxylic acids 

The results of this study demonstrate that the synthesis is closely 
associated w'lth the noimal energy-yieldmg metabolic pathivays, i e , the 
citnc acid cjmle Not only do the compounds associated -with the cycle 
stimulate the production of PAH, but they are required m order to mamtain 
the reaction at low tissue concentrations, w here the endogenous metabolites 
are diluted to meffective levels Further, in the absence of any added 
metabohte, the synthesis abruptly stops after 40 minutes, but if fumarate 
IS added, it can contmue for at least 100 mmutes The maximum effective 
concentration of fumarate (0 0025 m) is low w'hen added alone, and it is 
probable that the requisite concentration of the metabolites of the 
complete citnc acid cycle, when all are present, is much lowei, and may 
approach catalytic values If this is true, the sudden cessation of the 
reaction at 40 mmutes m the absence of fumarate can be understood, since 
it could represent the complete depletion of one or more essential metabo- 
htes m the catalytic cycle Likewise, m the presence of fumarate, the 
changes m rate at the 50 and SO mmute times could represent the cessation 
of reactions not essential to the S3Tithesis, but which contnbute indirectly 
to the mamtenance of the energy supply 

The change m rate at 15 mmutes, howeier, is mdependent of the metabo- 
lites we have added, and no vahd explanation for it is available The 
elucidation of the actual mechanism of the sjmthesis will be necessary to 
clanfj’’ this question 

The failure of acetunc acid to replace glj'cme would indicate that the 
transacylation mechanism pioposed bj'- Eittenberg and Shemm (10) is not 
mvoh ed m this sjmthesis The possible mechanisms involving oxidative 
deamination (11) can be excluded, not onlj' because of the failure of 
glyoxyhc acid and ammoma to participate m the s-smthesis, but also by the 
mamtenance of anaerobic sjmthesis by ATP 

It IS evident that the actual mechanism must invoke a means of trans- 
fernng energy from the oxidative leactions of the citnc acid C 3 mle to the 
S 3 mthetic leaction b 3 which PAH is formed This transfer must m turn 
mi olve a compound common to the tw o systems It is not hkely that an 
enzyme is common to both reactions, and direct coupling is thus improbable 
The remammg alternative is that the energy libeiated durmg the oxidation 
of the citnc acid cycle components is "stored” in some compound, w'hich 
can react wuth glycme or PAB, creating a high energy intermediate w’hose 
energy is released upon the formation of the peptide bond That the 
oxidation-reduction cameis, such as DPN, are the mediators is unlikely 
for the same reasons that oxidatne deanunation is unlikely The most 
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obvious possibility IS the formation of high energy-phosphorylated com- 
pounds, V Inch react to jneld eithei p-ammobenzoyl phosphate (acyl phos- 
phate) or N-phosphoglycme (amide phosphate) The peptide bond would 
then be fonned by the release of phosphonc acid The oxidation of the 
citnc acid cycle components is knovn to result m the formation of high 
energi' phosphate, vhich can be stoied as ATP or phosphocreatme (12-14) 
The phosphorjdation of the ammo acids might mvolve the transfer from 
the aden 3 'hc s} stem or directly from such compounds as phosphopyru\ac 
acid, or either 

The low magnitude of the maximum effective concentration of ATP m 
the presence of fumarate would indicate that it is playmg a catalytic r61e 
in the reaction as a phosphate transfer system rather than havmg a direct 
function This view is supported by the mabihty to reach the magmtude 
of aerobic sjmthesis anaerobically m the presence of ATP, although these 
observations aie comphcated by the ATPase activity to be expected m 
crude hver homogenates If these observations are vahd, then the activity 
of ATP could be accounted for by its function m transfeinng high energ}"^ 
phosphate to a more specific phosphate donor directly concerned m the 
peptide bond synthetic mechanism 

The stimulating action of DPN added alone is comphcated by the 
piesence of adenj’-hc acid as an impurity m the preparation, w'hich might 
account for the acceleration obseiwed However, this is not true of the 
inhibiting action of DPN in the presence of ATP, w’hich is difficult to 
understand The combination of the twm substances apparently favors a 
competmg reaction w'hich interferes with the normal chain of energy- 
yielding oxidations by stunulatmg the oxidative metabohsm and removmg 
one or more components of the citnc acid cycle, or some other key metab- 
olite 

We propose to mvestigate the substitution of p-anunobenzoyl phosphate 
for p-ammobenzoic acid and N-phosphoglycme for gtycme m a future 
study, which should estabhsh w'hether either of these compounds is a 
direct mtermediate m the synthesis of PAH 

Previous mvestigations by other workers have failed to demonstrate 
peptide bond ssmthesis m homogenates (15, 16) It is not clear why 
such attempts have failed, smce complete details of the methods were 
not given If the customary Krebs’ Rmger’s solution, w'hich contains 
calcium ion and little potassium ions, w'as employed, such attempts would 
be negative Gross differences m the hydrogen ion concentration would 
also prevent synthesis 


SUMMAEY 

1 The formation of p-ammohippunc acid (PAH) from p-ammobenzoic 
acid and glycine has been studied m rat hver homogenates 
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2 The formation of PAH is stimulated by potassium and magnesium 
ions, and is inhibited by calcium and fluonde ions Phosphate ion had no 
effect from 0 01 and 0 06 m 

3 The leaction is sensitive to pH changes and has a maximum rate 
at pH 7 55 

4 Adenosme tnphosphate (ATP) supported the reaction anaerobically 

5 Cytochrome c stimulated synthesis of PAH aerobically 

6 Succmate, fumarate, malate, oxalacetate, citrate, a-ketoglutarate, 
glutamate, and pyruvate stimulated the reaction Hexose diphosphate 
and thiamme pyrophosphate vere unthout effect ATP and coenz 3 mie I 
(DPlSf) had no effect alone but stimulated the leaction m the presence 
of fumaiate, although ATP and DPN together mhibited 

7 Fumarate had maximum action at 0 0025 m, and ehmmated a marked 
dilution effect otherwise obtained In the absence of fumarate, the 
formation of PAH ceased at 40 minutes, but, m its presence, the reaction 
contmued beyond 100 mmutes 

8 A mechanism is indicated m which synthesis occurs upon transfer of 
high energy phosphate, possibly to one of the reactants 
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ESTIMATION OF THE PHOSPHOLIPIDES IN HUMAN BLOOD 

M H HACK 

(From (he Dcparlment of Psychtalry, University of Illinois College of Medicine, 
Illinois Neuropsychiatric Institute, Chicago) 

(Received for publication, March 24, 1947) 

Sphingomyelin is not affected by tieatment with sodium alcoholate (1) 
or by potassium hydro-ade (2) under conditions that mil produce hydrolj^sis 
of glyceryl ester phosphatide This resistance of sphingomyehn to mild 
alkahne hydrolysis has been used in its purification (1,3, 4) and assay (2, 5) 
The present u ork demonstrates that the choline of lecithin is quantitatively 
liberated under the conditions of alkahne hydrolysis which permits assaj’’ 
of sphingomyehn Extension of the lattei method (2, 5) to include the 
present finding permits the estimation of lecithin and cephahn The 
extended method has been applied to the anabasis of blood phosphohpides 

EXPERIMENTAL 

M ethod 

4 ml each of blood and plasma are placed in smtable contameis, fiozen 
with hquid air, and dried in vacuo while frozen (this material may then be 
kept indefimtely) 15 ml of blood aie sufficient for duplicate assaj's of 
blood and plasma and estimation of the cell volume The concentiation 
of cell phosphohpides is estimated from the ceU volume and the concentia- 
tions in blood and plasma 

The dried blood and plasma are separately extracted for 6 hours v ith 20 
ml of a mixture of equal parts of chlorofoim and methanol m a continuous 
extractor similar to one described by Thannhauser and Setz (6) To facili- 
tate boilmg and to mhibit oxidation the extraction flask should be equipped 
ivith a boiling tube through which nitiogen is bubbled The extract is 
cooled, filteied, and made up to a volume of 25 ml v ith additional solvent 

Total phosphorus (7) is determined on 1 ml samples of this extract 
A 10 ml sample is placed m a suitable tube, heated in a vater bath at C0°, 
and the solvent removed by a current of an When cool, 5 ml of N 
potassium hydroxide are added, the tube stoppered, and the mixtuie 
incubated at 37° for 16 hours When the suspension has reached room 
temperature, a 1 ml portion is acidified ivith 1 ml of 1 5 x hydrochlonc 
acid and 3 ml of 0 5 m trichloroacetic acid In order to obtam a perma- 
nently clear filtrate this acidified imxture must stand 60 mmutes before 
filtration through Whatman No 30 filtei paper 1 ml of this filtrate is 
used for the deteimmation of total phosphonis (7) 
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Foi the estimation of cliohne 1 ml of 4 5 N hydrochloiic acid is added 
to 3 ml of the potassium h 3 "dioMde suspension This mixture is let stand 
60 mmutes, after which it is filteied through asbestos mth gentle suction 
and the filter washed tuuce wuth 1 ml of 1 5 n hydiochloric acid To 
the combmed filtrate and washings are added 2 ml of a fleshly piepared 
saturated solution of ammomum remeckate m 0 5 N hydrochlonc acid 
After the solution has stood at 26° for 30 minutes, the ghstemng pink 
crystalhne precipitate of chohne remeckate is collected on a Pyiex M 
filter tube by means of gentle suction and washed tuuce mth 2 ml of 
ethanol Aftei the ethanol is removed by drauung air through the filter, 
the precipitate is dissolved m 3 ml of acetone The optical density of the 
solution IS then deteimined in a Beckman quartz spectrophotometer 
at 526 mju (sht width, 0 01 mm ) and the concentiation of cholme de- 
termmed by mterpolatmg from a standard curve 

The difference between total lipide phosphoius and that hberated by 
the alkahne h 3 ’'drolj''sis is a measme of sphmgomyehn The chohne 
hberated by the hydrol 3 ^sis is a measure of lecithm The phosphorus 
liberated by the h 3 ’^drolysis not accounted for as lecithm is a measure of 
cephahns Any acetal phosphatide present ivill appear m the cephahn 
fraction 

Extrachon of Phosphohpide — Mixtures of phosphohpides such as those 
obtamed from biological material and the individual phosphohpides, except 
acetal phosphatide, are ieadil 3 '- soluble m benzene Hov e\ er, it v as found 
that when plasma and serum, frozen diy, were extracted by hot benzene 
for 6 hours m the apparatus referred to above less than 0 5 per cent of 
the total lipide phosphorus could be demonstrated m the extract In 
contrast about 10 per cent of the phosphohpide of blood vas so extracted, 
of this, three-fourths was cephahn, and the remamder was equally dis- 
tributed between lecitlim and sphmgomyelm On the other hand, ex- 
traction of the phosphohpides from blood, plasma, and serum, frozen 
dry, by hot chloroform-methanol was found to be complete m 6 hours, 
smce a second 6 hour extraction of the residue with fresh solvent 3 uelded 
additional hpide phosphorus equivalent to less than 0 5 per cent of the 
total phosphohpide These observations suggest that the phosphohpides 
of blood are primarily m the fonn of a phosphohpide-protein complex 
which can be bioken by polar solvents 

Determination of Chohne — The conditions for quantitative determi- 
nation of chohne vere studied Maximum precipitation of cholme 
remeckate was found to occur only when the ammonium leineckate so- 
lution was freshly piepared for each set of determinations, eg, vith 
mnmomum remeckate solutions that had stood for 2 da 3 s at 25° about 
*30 per cent less cholme vas obtamed fiom plasma lipides and from so 
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lutions of choline than uith fieshly prepared ammonium lemeckate 
solutions Complete piecipitation occuiied AMthin 30 minutes at 25°, 
no additional precipitate Mas fomied on lefngeiation at 0 ° for 60 minutes 
Ethanol Mas used (o icmove excess Remecke acid from the choline 
remeckate because it Mas found to be as effective as n-propanol and more 
\olatile Witcr Mas not used because choline leineckate is appreciabty 
soluble m Matei, eg, a 10 mg sample of choline lemeckate, M'ashed 


Table I 

BSccl of Hydrolysis on Various Lnpide Preparations 
The data are expressed in mM per gm 


Lipidc preparation 

Total 

phosphorus 

Hydrolyzed with | 
NKOHatS?® 
for 16 hrs I 

Chohne lib 
crated by 
OSiiBaCOH): 
at 100 m 1 
3 hrs 1 

Chohne hber 
ated by N 
KOH at 100* 
in 4 hrs 

Acid s 
frac 

Phos , 
phoruh j 

loluble 

tion 

1 

Chohne , 

i 

A 

Lecithin, CdCl- 

0 94 

0 92 

0 860 

0 860 

0 865 

B 

“ (beef he irt) 

1 19 

1 05 

0 875 

0 865 

0 860 

C 

Cephalm 

1 20 

1 19 




D Lipositol 

0 82 

0 81 

1 



E 

Acetal phosphatide 

2 40 

2 32 

0 



F 

Sphingomyelin 

1 25 

0 

0 



G 

“ remeckate 

0 456 

0 316 

0 222 




(2 samples) 

0 445 

0 228 

0 200 




Preparation A, from eggs according to Levene and Kolf (10), Preparation B, 
gift from Dr Mary C Pangborn, Preparation C, from human brain according to 
Folch (11), Preparation D, gift from Dr D W Woolley, Preparation E, from beef 
brain according to Klenk (12) (the acetone dried beef brains M'ere generously sup- 
plied by The Wilson Laboratories, Chicago), Preparation F, from beef brain (1), 
Preparation G, each sample from a whole cat brain (6) 


repeatedly with iiater, ethanol, and 7 i-piopanoI, Mas then washed Math 
10 ml poi tions of m ater at 25° These aqueous M^ashings contained choline 
lemeckate eqmvalent to 23 y of chohne pei ml 
Recovery of chohne added to the hlteied, acidified, hydrolysate piepared 
from extiacts oi of chohne Mas satisfactory, e g , 86 , 86 , and 29 y of chohne 
were added to the pi escribed aliquots of acidified hydrolysate mIucIi con- 
tained 174, 120, and 130 y of chohne respectively The total amounts 
found M'ere 254, 210, and 160 y lespectively The treatment Math alkali, 
under the conditions desciibed, did not affect recovery' of chohne 
The standaid curve v\as prepared by' tieatmg knoMOi amounts of chohne 
(38 to 732 7 ) as chohne chloride (Pfanstiehl) m 5 ml of Matei watli 2 ml 
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of a freshly prepared saturated solution of ammonium lemeckate in 0 5 n 
hydiochloric acid The piecipitates of chohne lemeckate were collected, 
washed, and dissolved m acetone as descnbed under “Method ” The 
optical densities at 526 m^i (slit width, 0 01 mm ) weie deteimined in the 
spectropliotometei Tlus standard curve Mas found to coincide ivith 
a cuive obtained by measuiement of acetone solutions of knoMui concen- 
tiation prepaied from veil ivashed choline lemeckate Because the 


Table II 

Plwsphohpide Composition of Blood from Normal Human Subjects 
The blood samples, drawn from the median cubital vein and placed in a mixture 
of dry ammonium and potassium oxalates (13), were collected on different days, 3 
hours after a breakfast of two eggs, imlk, and cereal and 15 hours after the previous 
evening meal The cell volume n as determined by centrifugation (14) The mean 
molecular weight of the phospholipides is taken to be 800 and the concentrations are 
expressed in mM per liter 


Subject ’ 

1 

1 

Hrs ofi 
fasting 

Material 

Total 

pbospho 

bptde 

Lecithin 

Cephalin 

Sphingo 

myelin 

Ratio, 
choline 
phospho 
lipide to to- 
tal phos 
pholipide 

Cell 

volume 

1 




1 




per cent 

Female, age 

3 

Blood 

3 26 

1 53 

1 06 

mSm 

0 67 

44 5 

20 yrs 


Plasma 

2 75 

2 22 

0 10 

iiii 

0 96 


j 


Cells 

3 90 


2 24 

0 99 

0 42 



15 

Blood 

3 45 

2 06 

0 64 

0 75 

0 81 

46 0 


1 

Plasma 

2 69 

2 22 

0 11 

0 36 

0 95 

1 


1 

Cells 1 

4 35 

1 88 

1 25 

1 22 

0 71 


Female, age 

3 

Blood 

3 50 

1 89 

0 84 

0 77 

0 76 

45 0 

28 yrs 


Plasma 

3 18 

2 44 

0 18 

0 56 

0 94 



1 

Cells 

3 88 

1 21 

1 64 

1 03 

0 57 



15 

Blood 

3 25 

1 54 

0 96 

0 75 

0 70 

47 0 



Plasma 

3 02 

2 25 

0 25 

0 52 

0 91 



1 

I Cells 

3 50 

0 75 

1 75 

1 00 

0 60 



extinction coefficient has been reported (8) to be gieater at 327 mp, 
measuiements were also made at this wave-length The data obtained 
demonstiated that although Beei’s law held at 526 mp it did not at 327 mp 
Measurements have been made at the lov^er wave-length by others (8) 
over a narro\ver range of concentration than heie reported, in which 
instance Beer's law does hold 

Effect of Hydrolysis on Various Lipide Preparations— Several phos- 
phohpide fractions were used to test the efficacy of the hydrolyis to yield 
acid-soluble phosphorus and chohne All of the fractions except the 
sphingomyehn and sphingomyehn remediates v^ere soluble m n potassium 
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hydi oxide at 37° Tlio i esults appear in Table I and demonstrate complete 
liberation of pliosplionis from lecithin, cephalm, and acetal phosphatide 
and of chohne f i om lecithin ' This phosphorus m as still m organic Imkage, 
presumably glycerophosphate, since digestion with sulfunc acid was re- 
quired in ordei to give maximum values The sphmgomyehn remamed 
intact Although the acetal phosphatides aie also resistant to allcalme 

Table III 

Serum Phospholtpides of Normal Human Subjects 


The blood samples vere collected under the conditions described in Table II, 
except that no anticoagulant was used The concentrations are expressed in mai 
per liter 


Sex 

Age 

Hrs of 
fasting 

Total 

phospho 

lipide 

Lecithin 

Cephalm 

Spbingo 

myelm 

Ratio 
choline 
phospho 
upide to 
total phos 
pholipide 


yfs 






■■ 

Males 

19 

3 

2 45 



0 37 

■■ 



15 


1 29 


0 37 

mm 



3 

2 49 

1 91 

0 12 

0 46 




15 

2 49 

1 95 

0 12 

0 42 

■H 


24 

3 



0 00 

0 38 

1 00 



15 

2 48 

I 85 

0 21 

0 42 

0 91 


25 

3 

2 94 

2 14 


0 36 

0 85 



15 


2 42 


0 58 



29 

3 

2 73 

1 88 



0 83 



15 

2 62 


mEm 

0 45 


Females 

24 

3 


2 74 


0 45 




15 

3 28 

2 74 


0 49 

0 98 


24 

3 

3 25 

2 48 


0 59 

0 94 



15 


2 58 



0 96 


27 

3 




■Hi 




15 

2 49 



0 27 


Average 


3 

2 79 

2 26 

H 

0 39 




15 

2 69 

2 12 

Hi 

0 43 



hydiolysis (9, 12), they do not interfere mth the detennmation of sphingo- 
myehn since they are extremely labile m acid (9) , as maj"^ be seen by the 
data m Table I the phosphorus is quantitatively recm ered m the acid- 
soluble fiaction aftei hydrolysis uith n potassium hydroxide The 

' The fact that the phosphorus to choline ratio of Preparations A and B is not 1 
indicates that the samples were not pure lecithin The beef heart lecithin (Prepara- 
tion B) contained 0 142 msi of armno nitrogen per gm , presumablj’’ from contamina 
tion with non-choline phospholipide 
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ESTIMATION OF PHOSPHOLIPIDES IN BLOOD 


results obtained inth the sphingomyehn remeckates offei additional 
evidence to that previous^ reported (3) that sphingomyehn remcckate 
from crude lipide extracts is a lipide mixtuio, m this case containing 
sphingomyehn, lecithin, and cephahn 

» 

Results 

The lesults of the analj'ses on human blood, plasma, and serum are 
summanzed m Tables II and III Companson vith work of other in- 
vestigators may be made from Table IV As may be seen, the finchng 
of Tam og el al (18) that the phosphohpides of plasma are predominantly 
chohne-containmg (i e lecithm and sphmgomyehn) is confirmed by 
our studies on plasma and serum The distiibution of the phosphohpides 


Table IV 

Blood Phosphohptdes Reported by Others 
The original data have been converted to nui per liter 


Investigator 1 

1 

Material 

No of 
sub;ects 

Total 

phos 

pho- 

lipide 

Leci 

thin 

Cepha 

Im 

Sphin 

gomj 

elm 

Ratio, 
choline 
phospho- 
lipide to 
total phos 
pholipide 

Bamsay and Stewart (15) 

Blood 

12 

3 52 

0 41 

0 82 

2 29 

0 76 

Thannhauser el al (16) 

Serum 

6 

2 82 

1 34 

1 20 

0 29 

0 58 

Kirk (17) 

Plasma 

20 

1 81 

0 24 

0 85 

0 72 

0 53 


Cells 

20 

2 45 

0 40 

1 46 

0 59 

0 40 

Taurog el al (18) 

Plasma 

11 

2 94 


0 08 


0 98 


of serum vas found to be the same as m plasma Cephahn is shomi 
to be the largest phosphohpide fraction m cells and the sphmgomyelm 
concentration of cells to be twice that of plasma With respect to the 
present data no obvious correlation of the phosphohpide composition of 
blood, plasma, serum, or cells with the length of fast could be estabhshed 
It ma}' be pointed out that the results summanzed m Table were ob- 
tained by dissimilar methods Duphcate assays were made throughout 
and agreed vittun d=l per cent for both phosphorus and choline 

SUMMARY 

A method is described permittmg deteimmation of the phosphohpide 
composition of plasma and cells on 16 ml of blood m duphcate, agreeing 
within ±1 per cent 
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THE ROLE OF PYRIDINE NUCLEOTIDES IN THE 
REDUCTION OF METHEMOGLOBIN 


HELIMUT R GUTMANN,* BERNARD T JANDORF, and 
OSCAR BODANSia’'! 

(From the BiochcnuMry Seclwn, Medteal Division, Army Chemical Center, 
Ldgewood Arsenal, Maryland) 

(Received for publication, March 25, 1947) 

In the course of ui\ estigations concerning the use of p-aminopiopio- 
piienone-induced methemoglobinemia m the prevention of cyamde poison- 
ing (1) and of the ph^’^siological impamnents mcident to methemoglobmemu 
(2, 3), it became of mterest to study the mechanism of action between 
methylene blue and hemoglobm or methemoglobm It has been shoivn, on 
the one hand, that methemoglobm is produced when methylene blue is m- 
jected into the noi-mal organism (4, 5) On the basis of this action, methyl- 
ene blue has been classified as a methemoglobm formei and recommended 
as an antidote m the tieatment of cyanide poisonmg (5) On the othei 
hand, it has also been demonstiated that the reduction of methemoglobm is 
icceleiated vheii the dye is mjected mto the methemoglobmemic animal 
(6, 7) The present studj’’ is concerned with a further analysis ^n vitro of 
the 1 eduction of methemoglobm m mtact methemoglobmemic erythrocytes 
and m hemolysates, and mth the possible rfile of pyridine nucleotides m this 
1 eduction 


EXPERIMENTAL 

Methemoglobmemic cells nere prepared in vivo by the mjection of 
p-aminopropiophenone (2 5 to 3 0 mg per kilo m 2 to 3 cc of redistilled 
propylene glycol) mto dogs After approximate^^ 1 hour most of these 
dogs exhibited symptoms of methemoglobm poisonmg, and their er3dliro- 
evtes shon ed a conversion of 60 to 80 per cent of then pigment to methemo- 
globin Approximately 20 to 30 cc of blood from normal or methemoglo- 
bmemic dogs veie vrthdrami by heart punctuie and hepannized The 
centrifuged cells ivere n ashed tn ice mth 4 or 5 volumes of Rmger-phosphate 
solution of the foUovmg composition 0 13 m NaCl, 0 0095 m CaCL, 0 0031 
M KCl, 0 0015 M MgS04, and 0 01 M phosphate buffer, pH 7 40 After tv o 
such washings, glucose could no longer be detected The cells v ere then 

* Present address. Department of Physiological Chemistry, A ale tJmversitj School 
of Medicine, Nev Haven 

t Present address, Department of Pharmacologj , Cornell Umversity Medical Col- 
lege, New York City 
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PYRIDINE NUCLEOTIDES AND METHEMOGLOBIN 


lodoacetate and fluoride inhibit this leduction In confirmation of then 
lesults, it was found that a concentiation of 100 mM fluoride or 1 mm lodo- 
acetate completely suppressed the reduction m the presence of glucose and 
methylene blue 

Although glycolysis appeared to be necessaiy for the reduction of methe- 
moglobm, the extent of the reduction did not parallel the extent of lactic 
acid formation when glucose was used as substrate Thus, m a typical 
experiment no methemoglobm was reduced and 9 3 micromoles of lactic 
acid were formed m 10 cc of reaction mixture dunng 100 minutes m the 
absence of methylene blue, m the presence of 0 0013 mM methylene blue, 
4 2 micromoles of methemoglobm weie reduced but the amount of lactic 
acid formed was essentially the same, 8 7 micromoles These results 
indicate that the connection between glycolysis and methemoglobm i educ- 
tion in the presence of methylene blue does not consist of a simple mter- 
action between glucose or lactate and methylene blue 

R6le of Pyridine Nucleotides in Reduction of Methemoglobm — In view of 
the above results, it was considered possible that the lack of reduction of 
methemoglobm by methylene blue m hemolyzed cells was caused by the 
absence of pyiidme nucleotides fiom hemolysates, since there is evidence 
that pyrichne nucleotides disappear lapidly upon lysis of erjdhiocytes (17) 
and homogenization of seveial animal tissues The disappearance may be 
counteracted by the addition of nicotinamide dunng the process of disin- 
tegration of the cell structure (18, 19) Consequently, the effect of nico- 
tinamide, present at the time of hemolysis, upon the i eduction of methe- 
moglobm was tested 

Table I shows the extent of i eduction of methemoglobm m hemolysates 
m the presence of nicotinamide and various substrates No significant 
1 eduction occurred m the presence of mcotmaimde and methylene blue 
when glucose was used as a substiate With hexose diphosphate, 5 to 13 
(average 9) per cent of the methemoglobm origmall 3 ’- present was reduced 
m 1 hour when mcotinamide but no methylene blue was present The 
addition of methylene blue to this system caused a much more rapid re- 
duction, m nme experiments, an average of 33 pei cent of the methemo- 
globm oiigmallj’' present was reduced m 1 houi under these conditions 
Tins 1 eduction i\as completely inhibited bj'- the addition of 1 mM lodoace- 
tate The presence of mcotmamide also led to a substantial reduction of 
methemoglobm uhen lactate iias chosen as the substrate 

The above data mdicated that eithei DPN or triphosphopyndme nu- 
cleotide or both vere necessary for the reduction of methemoglobm bv 
lactate or hexose diphosphate The reaction mechamsm was assumed to 
consist of a leduction of pjoadme nucleotides by these substrates, and a 
subsequent interaction between the reduced pyndme nucleotide and met^ 
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TabliI, I 

Effect of Ntcolniamidc (NCA) and Methylene Blue {MB) on Reduction of 
Mcthcmoglohin in Hemolysates with Glucose, Lactate, and Hexosc 
Diphosphate (HDP) /Is Substrates 

The iintial concentration of methcinoglobinwas 60 to SO per cent of the total blood 
pigment 


Fraction of raethemoglobin reduced 


During 60 mm in presence of 

j During 120 min m presence of 

2 8 mjf glucose, 
0 13 mil MB 

160 mu NCA 

2 8 mu glucose, 
0 13 mu MB 

2 8 mu HDP, 

0 13 mu MB 

160 mu NCA 

2 8 mu HDP 

i 

160 mu NCA 

2 8 mu HDP 

0 13 mu MB 

20 mu lactate, 
0 13 mu MB 

160 mu NC-\ 
20 mu lactate 

0 13 mu MB 

Per cent 

Per cent 

per cent 

1 

per cent 

per cent 

Per cent 

Per cent 

0 

0 

0 

5 

27 

2 

7 

3 

2 

0 

7 

31 

0 

18 

3 

4 

0 

9 

31 


20 



1 

11 

32 



! 



13 

33 







33 







36 





j 

1 

36 







39 

1 

1 



Table II 

Reduction of Purified Methcmoglobin (MctHb) by Reduced Diphosphopyridinc 
Nucleotide {DPN-Hf) tn Presence of Methylene Blue {MB) 


The composition of the reaction mixture is expressed in terms of the absolute 
amounts of reactants, in micromoles, present in a volume of 6 cc The concentration 
of methemoglobin is expressed as per cent of total blood pigment 



Composition of reaction mixture 

Concentration of methemoglobin after 
incubation at 38 for 




0 min 

15 min 

20 min 




per cent 

per cent 

per cent 

0 044 iMctHb* 


90 

90 


0 044 

“ + 0 29 DPN H 


90 

83 


0 044 

“ +0 29 

+ 0 027 MB 

90 

12 


0 044 

“ + 0 29 DPN 

+ 0 027 “ 

90 

90 


0 068 

(( 


98 


98 

0 068 

“ + 0 44 DPN-H. 


98 


So 

0 068 

“ +0 44 

+ 0 027 MB 

98 


8 


* The controls are treated with a solution v hich contained the same amount of 
Na S 0< as M as used in the reduction of DPN and which had been exposed to oxygen 
for 30 minutes The amounts of DPN and DPN-Hi given in the table are estimated 
on the basis of spectrophotometnc assay of the preparation as described in the text 
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hemoglobm, mediated by methylene blue Table II shoivs the reaction 
of DPN-Ho ivith purified methemoglobm, m the presence of methjdene 
blue It may be seen that methemoglobm was reduced to some extent 
directly by DPN-Ha and that this reaction was greatly accelerated m the 
presence of methjdene blue No reduction occurred when DPN instead of 
DPN-Ha was used The rate of reduction of methemoglobm m this S 5 ^stem 
was rapid, no further change m the concentration of methemoglobm was 
found after mcubation for approximate^’^ 15 minutes at 38° Table III 
shows that the extent of reduction of methemoglobm under these con- 
ditions was a function of the amount of reduced p 3 Tidme nucleotide added 
to the system 

Table III 

Effect of Concentration of DPN-R. on Extent of Methemoglobm Eeduclion 


Each reaction mixture contained 0 045 him methylene blue A relative concen- 
tration of DPN-H- of 1 represented a concentration of 0 017 mg of a reduced William- 
' son-Green preparation in 6 0 cc of reaction mixture 


Relative concentration of DPN Hj 

Fraction of MetHb reduced in 30 min 

iimis 

per cent 

1 

28 

2 

40 

4 

45 

11 

68 

16 

75 

20 

79 


DISCUSSION 

The present ■work has sho^^^l (o) that -when mcotmamide, a known 
suppressor of pyndme nucleotide hydrolysis, is present hexose diphosphate 
or lactate can seive as substrate m the reduction of methemoglobm m 
hemolysates as -well as m mtact erj’throcj’tes, -wlule glucose is no longer 
utilized after hemplj sis, and (5) that methemoglobm mteracts -it ith DPN- 
Hs to jneld hemoglobm Both of these reactions are greatly accelerated 
by methylene blue The findmgs mdicate that, mcident to hemolj’sis, 
processes other than destruction of pyndme nucleotides occur Mhich 
abohsh glycolysis m hemolysates In view of the non-utihzation of glucose 
m the reduction of methemoglobm m such a system it appeal's likely that 
one or more steps m the phosphorylatmg mechamsm, leading to the pro- 
duction of hexose diphosphate from glucose, are abolished by hemolysis 
It IS implied by the experiments here presented that the component m 
the Wilhamson-Green j’east preparation, active m the reduction of met- 
hemoglobm, IS DPN-Ho It is lecogmzed that this preparation contams 
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substances othci than DPN Howevei, several lines of evidence, derived 
from tins study and the 'woik of otliei in\ estigators, support the conclusion 
previously expicssed Ennnstioem, Lenneistiand, and Borei ( 20 ) observed 
that the addition of DPN to a system consisting of hemolyzed blood, hexose 
monophosphate oi dipliosphate, and methjdene blue mcieased oxj'^gen con- 
sumption and phosphoiylations Lennerstiand ( 17 ) leported that pjTidme 
nucleotides of eiythiocytes disappeaied lapidly follovmg lysis Mann 
and Quastcl ( 18 ) and Handler and Idem ( 19 ) demonstrated that mcotm- 
amide in high concentrations vas a specific competitive inhibitor of a 
nucleosidase iihicli libeiates mcotinamide from DPN" duruig the chsuite- 
gration of animal tissues In the piesent study, reduction of methemo- 
globm 111 lienioh sates pioceeded only on addition of nicotinamide to the 
system during l5'si& This reduction was abolished by the addition of 
low" concentrations of lodoacetatc, a known inhibitoi of dehj^drogenases 
w"hich bnng about i eduction of DPN The above findings indicate lery 
strongl}" that the component in the Wilhamson-Gieen piepaiation, w"hich, 
after treatment wnth Na2S204, is active in methemoglobin reduction, is 
indeed DPA^ 

It appeals that the essential featuie of the i eduction of methemoglobm 
within the intact erj^throcyte or m solution is the mteraction between 
DPN-Ho and methemoglobm Meth-^lene blue mediates this leaction, 
it may be piesumed to be i educed by DPN-Hs to leiicomethylene blue, 
winch m turn leduces methemoglobm to hemoglobin For the reduemg 
action of methylene blue a continuous souice of DPN-Ha must thus be 
available The remoial of substiate, qi the inhibition of glycolysis b'^ 
fluonde oi lodoacetate, mteifeies wath the pioduction of DPX-Hj, hemolj"- 
sis lesults in the enzjmiatic destniction of DPN If the foimation of 
DPN-Ih IS pi evented by any one of these means, leucometlij lene blue 
IS no longer legenerated m this system, and methylene blue acts puielj" as 
an oxidant 


SUMMARY 

Reduction of methemoglobm b3'’ hexose diphosphate or lactate and meth- 
ylene blue m hemolysates occurs onlj" m the presence of nicotinamide 
duinig lysis Glucose cannot function as substiate in this system, but is 
utilized m intact methemoglobniemic cells 

Addition of a paitiaU3’' purified prepaiation of i educed diphosphop3"ndine 
nucleotide fiom yeast to methemoglobm and meth3dene blue results 
in the lapid leduction of methemoglobm Diphosphopwridme nucleotide 
ni its oxidized fomi is ineffective in tins S3"stem 
Conditions are defined for the action of meth3dene blue as an oxidant of 
hemoglobm oi a leductant of methemoglobm 
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THE COLORIMETRIC DETERMINATION OF STREPTOMYCIN 
IN CLINICAL PREPARATIONS, URINE, AND BROTH* 

Br GEORGE E BOXER, VIOLA C JELINEK, A^D 
PATRICIA M LEGHORN 

(F roin the Research Laboratories of McrcL and Company, Inc , Rahway, New Jersey) 
(Received for publication, March 20, 1947) 

The streptomj’'cm molecule contams a number of functional groups winch 
maj'^ serve as bases for chemical assay The Sakaguchi reaction has been 
used to test for the guanido groups of the molecule (1), and a reaction 
given by the N-methyPL-glucosamme moiety (2) of streptomycm has been 
reported (3) Furthermore, the molecule has a free or potentially free 
carbonyl group (4) and marked reducing properties Any of these groups 
can be used as a basis for assay purposes on highly purified material, but 
these reactions are not sufficiently specific for samples of lov er potency or 
biological fluids 

A means of assay uas suggested by the obseivation that streptomycm 
on bemg heated vuth dilute alkah forms raaltol, 2-meth5d-3-hydroxy-7- 
pyrone (5) Maltol shows characteristic absorption maxima in the ultra- 
violet in both acid and alkalme solutions, and reacts vith ferric ions to 
give a purple-red color which is stable m acid solution (6) We have further 
observed that maltol reacts luth the phenol reagent of Fohn and Ciocalteu 
to give the usual blue coloi The colorimetric assay procedure for strep- 
tomycm presented m this paper is based on these leactions of maltol 

Determnmhon of Slreplomycin %n Clinical Preparations 

Reagents — 

1 N and 2 N sodium hydroxide 

20 per cent sodium carbonate 

I per cent ferric ammonium sulfate m 0 75 n sulfuiic acid 

Phenol reagent (accoidmg to Folm and Ciocalteu (7)) 

Maltol Formation — To 5 ml of the stieptomycm solution m a test-tube 
add 1 ml of 2 n NaOH Immerse the tube m a boiling vatei bath for 3 
mmutes and cool for 3 minutes m cold vater 

Color Reactions — Either feiric ammonium sulfate or the phenol reagent 
IS used to develop a color with the maltol, dependmg on the amount of 
streptom 3 ^cm originally present The sensitn ity v ith the ferric ammonium 
sulfate reagent is 500 to 2500 y of streptomycm, with the phenol reagent, 
20 to 250 r 

* Presented in part at the meeting of the American Chemical Societj , Chicago, 
September, 1946 (Abstracts, 13B) 
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Feme Ammonium Sulfate Reagent — ^To the cooled alkaline solution add 
4 ml of the ferric ammonium sulfate leagent Shake i igorousty and 
determme the mtensitj of the purple color m a photoelectnc colorimeter 
M ith Filter 540 after 10 mmutes The light transmittance of the blank 
IS nearly the same as for iiatei and is constant, vai^ong not more than 
±0 5 deflection m the Eveljm photoelectnc coloiimeter 

Phenol Reagent — ^To the cooled alkahne solution add diopwise 1 ml of 
the phenol leagent and mix well Let stand 1 to 2 mmutes, add 3 ml 
of 20 pel cent sodium caibonate, and shake vigorously Read after 10 
mmutes m a photoelectnc colorunetei w ith Filter 660 A blank is prepared 
sunultaneously Clmical piepaiations of streptomjmm contain small 
quantities of mateiial which reacts directly ivith the phenol leagent 
Ordmanl}’^ this accounts for 2 to 5 pei cent of the color value obtamed 
after maltol foimation Theiefoie an additional deteimmation is carried 
out wath 5 to 10 tunes the quantitj of the sample m exaetty the mannei 
desenbed aboie excejit that the heatmg period with alkali is omitted 
Smee the formation of maltol from stieptomycin occurs at an appreciable 
rate even at room temperatuie, the phenol leagent must be added im- 
mediately aftei the addition of the alkali 

Methanohe Solutions of Streptomycin — If stieptomycm is to be determined 
in methanohe solution, the ferric ammonium sulfate reagent is applicable 
Starting with 4 ml of methanol solution m a 10 ml graduated C3dmdei, 
add 2 ml of 1 x NaOH and immerse the cylmdei-s m a water bath at 65° 
± 1° for 20 mmutes After coolmg add ferric ammonium sulfate reagent 
to the 10 ml mark The intensitj'^ of the purple coloi is measured aftei 
10 mmutes 

Cahbrahon — In this papei the accepted definition is used, nameljq that 
1 unit of streptomycm is equal to 1 7 of streptomyem-free base 

A sample of crj'^stallme streptomycin tiihydiochlonde calcium chloride 
double salt (8) w as the standard used m the cahbrations Since the salts 
of streptomj cm are hj^groscopic and vigorous dr3ang ma3'' cause some de- 
composition, tw 0 samples are w eighed out at the same time, one is used for 
a moistiiie deteimmation by di^nng for 3 hours at 100° ovei phosphonis 
pentoxide in vacuo, the other is used for the calibration and a correction 
is made for the w ater content 


DISCUSSION 

The specificity of the maltol formation on short heatmg wnth alkali ha'^ 
been investigated with a numbei of derivatn es and cleavage products of 
streptom3cin Dihydiostreptom3'cm, obtamed by reduction of the cai- 
bon3d group of the molecule, is biologically active, but does not form maltol 
( 9 ) ' Neither N-methyl-n-glucosamme nor streptichne 3nelds maltol The 
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formei is inactii e by mici obiological test and the lattei shows only slight 
activity vhen compaied to stieptomjcin Aqueous acid hydrolysis of the 
glycosidic linkage betw cen streptidme and the rest of the molecule results 
in the foiraation of a cleavage pioduct, stieptobiosamme (10), which does 
not form maltol Howeiei, hydiotysis of streptomycm in methanolic 
hydrochloiic acid and subsequent acetylation yield methyl tetraacetyl- 
streptobiosaminide dimeth}'’! acetal (11) in w'hich the stieptidme is leplaced 
by a methjd group in the gtycosidic linkage This pioduct forms maltol 
on heating with allvali Theiefoie, the maltol is denved from the center 
portion of the molecule, stieptose (12), which must contain an mtact car- 

Table I 

Specificity of Reagents Used for Determination of Maltol Formed from Streptomycin 


The compounds listed were tieated with alkali under the conditions of the test, 
and color development with the reagents was then obtained 


Substance 10 mg 

Phenol 

reagent 

Ferric 

reagent 

Substance, 10 mg 

Phenol 

reagent 

Feme 

reagent 

Glucose 

d — [- + 4* 

— 

Hydro\yprolme 

— 

— 

Galactose 

-) — h-t-'h 

— 

Tyrosine 

-f-d--hd- 

- 

I -Xylose 

++++, 

- 

Trj'ptophane 

d-d-d-d-i 

- 

L-Arabinose 

-H-++ 


Phenol 

d-d-d-d-i 

— 

Sucrose 

— 

— 1 

a-Naphthol 

d-d-d-d-i 

- 

Brown sugar 

+ 

— 

Besorcinol 

d-d- d-d- 

- 

Maltose 

++++ 

— 

Pyrocatechol j 

d-d- d-d- 

- 

Lactose 

T+d-h 

— 

Pyrogallol | 

-f d — 1 — 1- 

— 

Soluble starch 

+d-d-d- 

— 

Salicylic acid 

d-d- d-d- 

d-d-d-d- 

Glycogen 

— 

- 

DibydrostreptoiB} cm , 


— 

D Glucosamine 

N-Meth} l-L-glucosamine 
Streptidme 

d-d-d-+ 
d-d- d-d- 

— 

Penicillin G (benzjl- 
penicillin) i 

i 




bonyl group and appaiently must be glycosidrcally hnked to another group 

( 10 ) 

None of the compounds listed m Table I form maltol undei the conditions 
of the test, as is showm bj" the absence of the charactei istic absorption m 
the ultraviolet legion Howevei, the specificity of the estimation of 
maltol by color development is limited by the reagents The phenol 
leagent is, of coui’se, quite unspecific, leactmg with alkali degradation 
products of caibohydiates as well as with phenols It should be pointed 
out that the N-methyl-L-glucosamme after lieatmg w ith alkali gn es some 
reaction with this reagent and the color formed with streptomycm will 
therefore be a summation of the one due to maltol formation and this side 
reaction The phenol reagent, because of its unspecific nature, can onlj 






156 


DETERJUNATIOX OF STKEPTOJITCIN 


be used on cbmcal samples or after preAuous separation of the maltol from 
the bulk of the mterfermg substances 
The feme ammomum sulfate reagent is qmte specific It does not 
react nith the carbohydrate degradation products and ordmary phenols 
fail to gii e any color reaction, smee the final solution is acid Acidic phe- 
nols like sahcjdic acid mterfere The disadvantage of the maltol-ferric 
ion reaction is its relatively low sensitmty 

The rate of maltol formation from streptom} cm at the alkah concentra- 
tion emplo 3 md depends on the temperature The mavimum amount of 
maltol IS formed at room temperature m 6 to 8 houis, at 65° m 15 minutes, 
and at 100° m 1 mmute iSTo destruction of maltol occui'S n ith the concen- 
tration of alkah used at 100° n ithm 7 mmutes and at 65° withm 45 mmiites 

Tabij! II 

Extent of Maltol Formation 

From the molecular extinction coefficients of pure maltol and maltol formed from 
streptomycin 



UltniMolet 
absorption 
at 275 nin 

E„ 

Feme ammo 
mum sulfate ' 
reagent color 
at S-W mu 

Epi 

Phenol re*.gent 
color at ^ 

Em 

Maltol 


1040 

8300 



76S 

8340 



0 74 

0 74* 


* The actual color developed corresponds to 1 01 moles Correction has been 
made for the color contributed bj the alkali degradation product of N-methjl-n- 
glucosamine (See the text ) 


The extent of maltol formation v as determined by companng the molecu- 
lar extmction coefficient of crystalhne maltol and of streptomycm aftei 
heatmg vith alkah, bj' means of the ultraviolet absorption at 275 mp m 
0 1 N hj'diochloric acid and the two color reactions (Table II) In everj 
case 0 75 mole of maltol is formed per mole of streptomjmm The ap- 
parentty higher jneld with the phenol reagent is due to the fact that the 
N-meth\ 1-L-glucosamme part of the molecule forms some alkaline degrada- 
tion product which also reacts If correction is made for this unspecific 
color dex elopment, the maltol yield is calculated to be 0 74 mole 
The reproducibility of the method with either reagent is excellent 95 
determmations on the standard sample b 3 ’- fom different operators at v idel3 
scattered tunes agreed xvithm ±3 per cent, thirty-four vere in error less 
than ±1 per cent, tventy-mne less than ±2 per cent, and thirt 3 "-tx\o less 
than ±3 per cent 

Clmical samples of any potency were assa3’-ed at three different levels 
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by each of the two reagents All sl\ results agreed within the stated limit 
of enor of ±3 per cent 

Comparison with Microbiological Assay — The chemical assay values are 
m good agreement with the microbiological assay on chmcal samples havmg 
potencies greater than 450 7 per mg The per cent deviation of the micro- 
biological assay from the chemical assay was determmed m a senes of 80 
samples of clmical preparations of several salts of streptomycm 67 per 
cent of the chemical assays agree withm d=5 per cent and 95 per cent 
Mitlim ±10 per cent vith the correspondmg microbiological assays 

Good agreement with the microbiological assay is usually obtamed v ith 
samples of potency below 450 7 per mg Hov e\ er, m 20 to 30 per cent of 
these samples the chemical values were 10 to 50 pei cent higher than m the 
correspondmg microbiological assay The bioassay lalues veie obtamed 
by averaging the results of a relativety small number of dctermmations 
vhich varied considerably, and some of the individual bioassaj's veie m 
agreement vith the chemical value If this discrepancy is real lathei than 
apparent, it could be mterpreted to mean that not all of the stieptomycm 
present is active m the biological test, or that m the chemical test mter- 
fermg substances are reacting as streptomycm In order for a substance 
to mterfere, it must fulfil the high requirements of specificity pieviously 
discussed 


Determination of Streptomycin in Broth and Urine 

The determmation of streptomycm m bioth and urme is also based on 
maltol formation The relatively small quantities of streptomycm m 
these fluids require the more sensitive phenol reagent The unspecific 
nature of the reagent and the presence of pigments necessitate the separa- 
tion of the maltol from the bulk of the mterfermg materials prior to the 
color reaction Such a separation is accomplished by extiactmg the maltol 
from acid solution with chloioform (two extractions with an equal volume 
suffice), and then reextracting fiom the organic layer with dilute alkali 

Normal uime and unfermented broth contam small amounts of mterfer- 
ing materials which are extracted m such a procedure and which react vath 
the phenol reagent Appropriate blanks, m which the strcptom3’^cm is 
removed mthout changmg the quantity of mteifermg material, correct for 
these substances Boihng m 1 N hydrochloric acid destroj’^s streptomjcm 
rapidly both microbiological activity and ability to form maltol are lost 
ivithin 5 minutes In the case of bioth an acid-pretreated ahquot can be 
used as an appropriate blank 

With urme, however, heating with acid hydrotyzes substances such as 
conjugated phenols and hberates considerable quantities of mterfermg 
uiatenal, makmg this procedure useless Adsorption b5’' Lloyd’s reagent 
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accomplislied the lemoval of streptomycin from urine without appreciably 
changmg the quantity of mterfermg mateiials, and pretreatment of an 
ahquot of the mine with this adsorbent uas used to obtam the necessaiy 
blank 

The amount of the mterfenng substances can be decreased by about 
one-half if the chloroform layer contaming the maltol is u ashed once with 
an equal volume of a phosphate buffei of pH 7 saturated with sodium chlo- 
ride No maltol is lemoved from the chloiofonn by this step Such a 
piocedure is always necessary m urme, and m bioth w'henever more than 
1 ml IS used for the assay 

Certam precautions are necessary m the extinction piocedure to prevent 
too low' assay values due to the deleterious effect of tiaces of oxidizmg 
agents The chloioform used foi extraction is w'ashed each day, all glass- 
W'are is iinsed thorouglily from tiaces of cleaning fluids, the distilled w'ater 
must be free from chlorme, and the length of time for the assay is limited 

Determmatwn m Urine 

Reagents — 

2 N and 3 n sodium hydroxide 

20 per cent sodium carbonate 

Phenol reagent (7), diluted 1 1 with w'ater 

Lloyd's reagent (Eh Lilly and Company) 

1 5 N sulfuric acid 

Phosphate buffer, pH 7, saturated with sodium chlonde To 2 liters 
of 0 2 M secondaiy sodium phosphate add 28 ml of 0 1 m citiic acid and 
690 gm of sodium chlonde 

Chloroform, reagent grade Wash dail}' m the follow mg mannei once 
with an equal volume of appioxunately 0 5 n sodium hydi oxide and three 
times wuth an equal volume of distilled w atei Diy wath anhydrous sodium 
sulfate 

Proeedure — ^Adjust the unne sample to pH 5 0 to 5 2 with a diop or two 
of glacial acetic acid, shake with an equal lolume of chloiofonn, and 
centrifuge This imtial extraction dimmishes emulsions m the subsequent 
procedure, and lemoves any free phenols 

Streptomycm is first removed by adsorption to piepaie the “blank urine ” 
In a centrifuge tube mix 5 ml of unne, containing not moic than 1000 7 
of streptomycm per ml , wath 500 mg of Lloyd’s leagent, measured bv 
means of a cahbiated spoon Shake vigorously and let stand for 15 mmutes 
wath occasional shaking Centrifuge and use the cleai supernatant urme 
in the blank 

1 to 3 ml of the unne containing a total of 50 to 500 7 of stieptomycin 
(and an equal volume of the blank unne) are diluted to 5 ml with water 
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in test-tubes 1 ml of 3 N sodium hydroxide is added, and the tubes are 
immersed m a boilmg u ater bath foi 3 minutes and cooled for 3 mmutes 
The alkaline solution is quantitative^ transferred to a 60 ml separatoiy 
funnel by using two imses mth 2 ml of 1 5 n sulfunc acid Extract 
with 10 ml of washed chlorofoi-m for 15 seconds with vigorous shakmg 
The chloroform layei is tiansf erred to a second funnel and the extraction 
repeated with another 10 ml of chloroform The two chloioform extracts 
contaimng maltol are combmed and shaken for 15 seconds with 20 ml of 
the phosphate buffei, and the chloiofoim layer is transferred to a third 
sepaiatoiy funnel The buffei solution is v ashed vuth 5 ml of chloroform 
M Inch is added to the third fuimel Add 5 ml of water and 1 ml of 2 n 
sodium hjxli oxide to the combmed chloioform extiacts and shake the funnel 
for 15 seconds Most of the chlorofoim is withdravm and discaided, and 
the aqueous phase is tiansfeired to a 15 ml centrifuge tube with a conical 
bottom and centnfuged foi 2 to 3 minutes Pipette 5 ml of the aqueous 
]a 3 'ei into a test-tube, and add 2 ml of the 1 1 phenol leagent dropmse 
Mlx veil, let stand 1 to 2 minutes, add 3 ml of 20 per cent sodium carbon- 
ate, and shako vigoiously Mter 10 mmutes the blue color is read m 
a photoelectiic colormicter at 660 m/i, the solution obtamed fiom the blank 
uime bemg used to set the mstniment at 100 pei cent light tiansmittance 
The mstmmeiit collects for the color caused by mterfeimg substances, 
and the blue coloi due to maltol fiom streptomycm is measuied diiectly 

The extraction proceduie should be completed m fiom 20 to 30 mmutes 
Pi oti acted contact causes too low results, owmg to the influence of chloro- 
form and oxidizmg agents Thus restrict the opeiation to four funnels, 
that IS, tvo urines and the conesponding blanks 

Ddeiininalion m Bioth 

Reagents — • 

The same as aie desciibed under the unne detemriination 

1 N and 7 N NaOH 

0 75 and 5 n hydrochloric acid 

Procedwe — ^Most broth samples contam some antifoam agents vhich 
are extiacted m the piocedure and cause the final solution to be cloudj 
To lemo^e these substances shake 10 to 20 ml of the broth foi 1 mmute 
in a 40 ml centiifuge bottle with about an equal volume of v ashed chloro- 
form and centiifuge foi 10 mmutes The cleai supeinataiit is used in all 
subsequent operations 

1 to 3 ml of the extracted broth contammg a total of 50 to 500 a of 
streptomycm is transfeired into each of tvo test-tubes and the lolurne 
hi ought to 4 ml v ith v ater In the one tube streptomj cm is destroy ed bj 
addmg 1 ml of 5 n hj’^drochloric acid and immersmg the tube m a boding 
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•water bath for 5 minutes After coolmg 3 minutes, add 1 ml of 7 n sodium 
hydroxide To the other tube add 2 ml of 1 n sodium hydroxide and im- 
merse both tubes m a boihng water bath for 3 mmutes and cool for 3 
mmutes Tiansfer the contents of each tube quantitatively to 60 ml 
separator^' funnels, nnsmg tivo times with 2 ml of 0 75 n hydrochlonc acid 
The subsequent steps of the e'rtraction are e'xactly the same as for urme 
If only 1 ml of broth is used for the determmation, the washmg of the 
maltol-chloroform layer with the phosphate buffer may be omitted The 
acid-pretreated sample is used to set the mstrument to 100 per cent trans- 
mittance and the untreated broth sample contammg streptomycm is read 
agamst this settmg 

Calibration — ^The cahbration cunm is, of course, the same for both urme 
and broth Solutions contammg from 50 to 500 y of free base of the 


Table III 

Dislnbuhon of Mallol and Alkaline Degradaiton Products of Streptomycin 
in Extraction Procedure 


1 

1 

Substance ' 

1 

Amount u«ed 

1 

Found by dircctl 
procMure 

! 

Found by extraction procedurct 
pbenol reagent 

Aqueous phase 

Allalme ex 
tract of chloro- 
form phase 

j 

y 

7 

7 

7 

Maltol 

30 

29 7 

0 6 

31 0 

Streptomycin 

147 

146 

50 

1 104 


standard sample are treated m the usual maimer for maltol formation and 
are extracted accordmg to the procedure desenbed The mactivation of 
the streptomycm bj”^ acid or the adsorption to Lloyd’s reagent is unneces- 
sary and the readmgs are compared to a reagent blank Beer’s law is 
stnetty obeyed 

The cahbration cum’^es wuth the phenol reagent on an aqueous solution 
of streptomycm directly and after the chloroform e'xtraction are not iden- 
tical As wras prenously pomted out, this is due to an alLalme degradation 
product of N-methyl-L-glucosamme, which is not soluble m chloroform 
but does react vnth the reagent The figures m Table III clearly shon 
that maltol is completely extracted by the procedure and the same cali- 
bration cune applies in this case before or after chloroform extraction 
In the case of streptomycm, however, the fraction due to the degradation 
of the N-methjd-n-glucosamme remams m the aqueous phase and is about 
30 per cent of the ongmal color value with the phenol reagent The sen- 
sitivity of the method m w’hich chloroform extraction is employed is there- 
fore about 30 per cent lower than that of the direct method 
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DISCUSSION 

The specificity for the deteimination of maltol is inci eased by the chloro- 
foiTQ extraction piocedure The alkaline cleaa age products of carbohydrates 
which give the unspecific reactions with the phenol reagent aie not soluble 
in chloroform and are therefore excluded The reagents used to destroy 
or adsorb the stieptomycm from the blank solutions do not decrease or 
increase the ^alue of the blank and the readmgs obtamed bj’- diflerence 
repiesent streptomycui Thus a high degree of specificity lesults from 
the restrictions inteiposed by distnbution and bv the stmctural specificity 

Tablu IV 


Analytical Ricorery of Streptomycin from Urine and Broth 



Volume of 
sample 

Streptomycin 

added 

Streptomycm 

found 

Per cent re 
co\ ery 


ml 

Y 

Y 


Urine, human 

1 

9i0 

950 

101 

(( it 

1 

470 

465 

99 

U it 

1 

376 

380 

101 

it ti 

1 

188 

184 

98 

it it 

1 

141 

141 

100 


1 

94 

98 

104 

it it 

1 

47 

SO 

106 

a a 

1 

268 

280 

104 

ti it 

2 

268 

265 

99 

it it 

3 

268 

275 

103 

“ dog 

1 

268 

275 

103 

it it 

2 

536 

515 

96 

Broth 

1 

148 

153 

103 

a 

1 

148 

135 

92 

it 

1 

296 

288 

97 

it 

2 

148 

143 

97 


of the formation of maltol from streptomycm This is confirmed b 3 " the 
followmg obseivations In clmical preparations of very Ion potencies 
(100 to 250 7 per mg ) occasionally the value obtamed bj"^ the use of the 
phenol reagent is higher than that obtamed mth ferric ammomum sulfate 
reagent Furthermore, such samples usually contain laiger amounts 
(up to 50 per cent) of material reactmg directl}'’ with the phenol reagent 
If such samples are assayed by the extraction procedure for broth, values 
are always obtamed which are m excellent agreement with those obtamed 
with the ferric ammonium sulfate reagent 
Recoveries of streptomycm added to both unne and broth were satis- 
factory and are reported m Table IV 
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Reproducibility — ^None of the points on the cahbration curve deviates 
more than 5 per cent from the best straight Ime and on the a\erage the 
deviation is less than ±3 per cent The values obtamed on samples of 
unne and broth of unknoi\n streptomycm content can be leproduced 
to ±10 7 As little as 10 y of streptomycm per ml of uime oi bioth will 
be detected by the extraction method, provided 3 ml aie used foi the test 

Tabive V 


Excretion of Streptomycin in Urine of Dogs after Subcutaneous Injection 


Dog I\o 

Streptomycin 

injected 

as determined by 

Time 

after 

injection 

Urine 
\ olume 

Streptomycin 
in urine as 
determined by 

Streptomycin 
recovered 
in unne 

Chemical 

assay 

Biological 

assaj 


Biologi 

cal 

as5a> 

Chemi 

cal 

as ay'' 

Bio 

logical 

assay 


y 

y 

hrs 

■■ 

y Per ml 

y per ml 

per cent 

per cent 

779 



1 

mm 

245 

290 

32 1 






Wm 

183 

wiIjB 

24 6 

23 4 





mm 

1072 


13 2 







93 

135 


12 8 


1 



78 

39 

49 

6 3 

5 7 





11 

192 

290 

2 3 

3 1 

Total recovery 

1 



WM 

■jfl 



89 4 

89 0 

774 1 

92,900 


1 

25 



41 5 

36 5 




2 

86 

222 



16 9 

1 



3 

51 

174 

150 

9 5 

■rflia 




4 

97 

75 

80 

8 3 

7 7 




5 

70 

61 

60 

IB 

4 1 




7 

121 

21 

24 


2 8 


i 


8 

55 

7 

13 

0 4 


Total recovery 







87 5 

76 3 


Both dogs weighed 10 kilos each Diuresis was induced by administering 200 
ml of water the night before the experiment and at 0, 3, and 6 hours The stated 
amount of streptomycin was dissolved in 1 ml of saline solution for injection 


Houetei, rathei large peicentage errors are to be expected it these vety 
low concentrations 

The application of the streptomycin assay m urme is illustiated in Table 
V by the protocols on stieptomycm excretion m catheter urme of dogs 
after subcutaneous injection ' The per cent devution of the values ob- 

I We are indebted to Mr S S Chapman of the Merck Institute for Therapeutic 
Research for assistance in these experiments and for the microbiological assays on the 
unne samples 
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tamed by the chemical and the microbiological assay methods are not re- 
corded, since the microbiological assay in mine is subject to rather wide 
variations due to other uiinaiy constituents The two expeiiments pre- 
sented in Table V aie lepiesentative of the fan agreement between the 
chemical and microbiological assay of streptomycm in uime 
The question whether diliydiostieptomycm is active m the body as such 
or is convei ted to streptomycin was decided by the chemical assaj’" m urme 
Smce dilijdiostieptomycin fails to fonn any maltol on heatmg with alkah, 
it cannot be detected by the method based on maltol formation A 

Table VI 


Assay of Slrcptomycin in Broth 



Chemical assay 

Microbiological i 

Volume of broth used per test 


1 ml 

2 ml 

3 ml 

7 per ml 

7 per ml 

7 per ml 

7 per ml 

125 

103 

99 

110 

16S 

167 

166 

165 

106 

127 



98 1 

112 

133 

! 125 

114 

120 

119 


132 

157 

158 

1 152 

120 

130 

136 

130 

125 

126 

122 

1 

I 

165 

170 

185 

f 

73 

80 

1 

1 


105 

90 

108 


173 

200 

214 


147 

152 

158 


130 

127 



142 

154 



126 


132 



10 kilo dog Mas injected mtiamusculailj’’ vith 100,000 units of dihj'^dio- 
streptomycin dissolved in 2 ml of saline solution Irme samples veic 
obtamed bj catheterization at houily mtervals The stieptom^cin deter- 
mmation in the mine vas complete^ negatne, although simultaneous 
microbiological assays showed that the diliydiostieptomycm was excreted 
as usual Theiefoie m the noimal dog dihi diostreptomj cm is not oxidized 
to streptomycm 

Table VI gives the lesults obtamed on sixteen broth samples The 
chemical values on the aieiage aie 9 pei cent higher than the biological 
values Foul of the chemical values weie 0 to 10 per cent low er, eight were 
0 to 10 per cent higher, and four were 10 to 20 per cent higher than the 
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corresponding microbiological assays The extremes of disagreement are 
larger than m the case of the chmcal preparations but are witlun the rea- 
sonable expected range, consideiing the vanation in the microbiological 
assays The method has also been used to follow the mcrease of strep- 
tomycm m the nutnent broth dunng growth of Slreptomyces gnseiis, 
as illustrated m Table VII 

These methods described for unne and b^oth are not sensitive enough 
for the assay of streptomycm m blood A different method vith a verj" 
high degree of sensitivity vnll be repoited m a separate paper 

Table VII 


Increase of Slrepiomycin in Broth during Growth of Slreptomyces gnseus 


Duration of fermentation hrs 

31 

37 

43 

50 

Microbiological assay, 7 per ml 

14 

72 

mm 


Chemical assay, 7 per ml 

18 

77 

lifl 

■■ 


SUMMARY 

A Simple and rapid colonmetnc method for the assay of streptomycm 
m chmcal preparations, urme, and broth is descnbed The method is 
based on the formation of maltol from streptomycm by the action of alkah 
and the subsequent determination by either the phenol reagent or acid 
ferric ammomum sulfate 

None of the carbohydrates and ammo acids tested mterfere under the 
conditions of the reaction The formation of maltol is specific for the 
center portion of the streptomycm molecule, streptose, which must contam 
an mtact carbonyl group and must be glycosidicaUy hnked to another 
group 

The sensitivity of the phenol and feme reagents is, respectively, 20 to 
250 y and 500 to 2500 y of streptomycm The method is reproducible 
to ±3 per cent Satisfactory agreement with microbiological assay values 
IS obtamed m clmical preparations 

In the assay of streptomycm m urme and broth, maltol is separated by 
chloroform extraction from the bulk of the mterfermg substances prior 
to the color development Appropnate blanks are obtamed by removal 
of streptomycm m urme bj adsorption to Lloyd’s reagent or destruction 
m broth by boilmg vuth acid The chemical assay mvolvmg extraction 
IS reproducible to ±10 7 of streptomycm and is m satisfactory agreement 
vath the corresponding microbiological value 

Dihydrostreptomycm is not oxidized to streptomycm m the body of the 

nonnal dog 
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16-SlIBSTITUTED STEROIDS 
III THE PARTIAL SYNTHESIS OF ESTRIOL 
Bt AtAX N HUFFMAN 

{From the Department of Biochemtslry, Southwestern Medical College, 

Dallas, Texas)* 

(Received for publication, March 17, 1947) 

Estnol was onginally obtained (1930) by isolation from human pregnancy 
iinne by hlariian (1) and by Dois}" el al (2) Both Doisy (2) and Maman 
(3) showed that estnol dififeied fiom estrone, another estrogemc hormone 
occuirmg m gravid urme, m possessmg three acet 3 dizable hydroxyl groups 
instead of the one hydroxyl and one carbonyl Butenandt (4) soon (1931) 
pioved that estnol might be legarded empincall 3 ’- as the hydrate of estrone 
by demonstrating that the triliydio\ 3 ’- estrogen could be dehydrated to pio- 
duce the ketomc estiogen vith the elimmation of 1 molecule of water 
These findings, theiefoie, mdicated that two of the h 3 ’’droxyI groups m 
estnol weie vicinal in position and that one of these vicmal hydroxyl groups 
occupied the same position on the steroid nucleus as that of the caibonyl m 
estrone Latei leseaiches (5), in which many mvestigators contnbuted 
Significant work, seiwed to elucidate fully the coirect structural formulas of 
estrone (I) and estnol C^T) 

Estnol was first prepaied fiom estrone by the author (6) in 1944 It is 
now possible to obtain it m ovei-all 3 uelds m the neighborhood of 25 per 
cent Exact details foi the method are descnbed m this pubhcation In 
general, estione (I) is meth 3 dated (7) to produce the 3-methyl ether (II), 
and the lattei is mtiosated (8) to give the 16-oximmo derivative (III) 
The 16-o\immo compound is next earned thiough a Stodola reduction (9), 
and from this leaction theie is obtamed a crude a-ketol (IV) which may be 
either directly submitted to fui ther reduction or else first punfied and then 
reduced to the Q:-gl 3 ’-col The i eduction to the final carbmol state with pure 
a-ketol lesults in a mixture of t\\o isomeric a-glycols, howe^e^, from this 
mixture estnol 3-mefhyI ethei (V) may be easily obtained by fractional 
ciystallization The sxmthetic estnol 3-meth3d ether is then acet 3 dated, 
demeth 3 dated, and finally saponified to produce estnol (VI) itself 

In this s 3 mthesis the salient feature is the use of sodium amalgam in dilute 
ethanohe acetic acid (tempera tuie 40°) as the agent for transforming the 
a-ketol to the a-glycol Reduction of the a-ketol with hydrogen in the 
piesencc of a cata^^st lias ah\ ays, in our hands, gi\ en rise to an isomer (10) 

* A portion of the experimentation descnbed in this publication was done at the 
United States Standard Products Company, Woodworth, Wisconsin 
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of a 16,17-configuration different from that of the naturally occumng es- 
tnol 

The transformation of estrone to the 3-methyl ether is essentially a 
quantitative reaction (11) Nitrosation of this ether to produce 16-oximmo- 
estrone 3-methyl ether was accomplished m 75 per cent yield (11), although 
Litvan and Robinson (8) report an 89 per cent conversion Reduction of 
Ifi-ovimmoestrone 3-methyl ether with zinc and aqueous acetic acid fol- 
lowed by reduction with sodium amalgam (mthout purification of the 
intermediate a-ketol) resulted m the production of estnol 3-methyl ether in 
46 per cent of the theory Demethylation n as accomplished in 64 per cent 
yield, givmg the total ovei-all yield from estrone the value of 22 per cent 
Calculated on the basis of Litvan and Robinson’s figure for the mtrosation, 
the over-all result would be 26 per cent There is good reason for believmg 
that this latter figure may be eventually exceeded, as the demethylation 
process with hydnodic acid was only shghtly e\-plored 

EXPERIMENTAL^ 

Melhylation of Ssirone— Estrone 3-methyl ether (II) was prepared as 
previously descnbed (11) 

' All melting points reported are uncorrected 
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16-Oxiniinoestrone S-Methyl Ether (III) — This derivative was prepared in 
accordance with pievious directions (11) 

Zmc-Acclic Actd Reduction of 16-Oximinoestrone 3-Methyl Ether — To 279 
mg of 16-oviminoestrone 3-methyI ether (m p 178-180°, mth decomposi- 
tion), covered with 10 0 cc of acetic acid plus 0 6 cc of water, vas added 

0 80 gm of zinc dust, and the resulting mixture was svurled m a bath mam- 
tained at 45° until solution of the steroid derivative was complete Then 
9 4 cc of V ater v ere added and the solution refluxed for 1 hour 10 minutes 
and cooled to room temperature The aqueous acetic acid solution was 
decanted fiom the zinc, and the latter washed vuth 100 cc of benzene To 
the combined aqueous acetic acid-benzene solutions were added 80 cc of 

1 5 N sodium hydro-ade and 200 cc of ethyl ether After having been 
partitioned and sepaiated, the organic phase was washed successively vith 
0 5 N hydrocliloric acid, with 5 per cent sodium bicaibonate, and with water 
Evaporation of the etheieal solution 3 uelded a crystaUine product which, 
after treatment with chaicoal, was recrystallized once from c 3 '^clohe\ane and 
once from aqueous ethanol to give 207 mg of needles melting at 164-165° 
Another treatment with charcoal and recrystalhzation from aqueous ace- 
tone raised the meltmg point to 167-168° (203 mg ) Further recrystal- 
hzation from aqueous methanol and from aqueous acetone did not alter this 
meltmg pomt 

Analy Calculated C 75 97, H 8 05 
Pound (a) “ 75 76, “ 8 08 
(5) " 75 77, “ 7 97 

This compound (IV) is undoubtedly identical ivith the a-ketol (11) (m p 
162-163°) formed from the titamum trichloride reduction of 16-ketoestrone 
3-methyl ether A mixture of the two ketols gave a sharp meltmg point of 
165-166° The piesent a-ketol (m p 167-168°) also gave an oxune (11) 
which melted at 197-198°, with decomposition 

Reduction of a-Ketol Methyl Ether (IV) with Sodium Amalgam — A solu- 
tion of 800 mg of a-ketol methyl ether (m p 165-166 5°) m 100 cc of 
ethanol and 10 cc of acetic acid was carefully mamtained at 40° (vater 
bath), and 200 gm of fleshly prepared sodium amalgam (2 per cent) vere 
added m small pieces with efBcient swirlmg Before aU of the amalgam had 
been added a precipitation of sodium acetate occurred, and at tlus point 
an additional 10 cc of 50 per cent acetic acid weie added After all the 
reducing agent had been placed m reaction, the mixture of meicury and 
solution was transferred to a separatory funnel with ether and v ater The 
mercury plus aqueous phase was separated, after partitionmg, from the 

’ All analyses in this publication were performed by Dr E W D Huffman, 
Denver 
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ether, the lattei ivas washed mth water, with 0 5 n sodium hydroxide, and 
again with water Evaporation of the ethereal phase yielded a crystallme 
residue which w^as lecrystalhzed twice from acetone-petroleum ether and 
once from aqueous ethanol to give 431 mg of tiny leaves (V) meltmg at 
160-163 5° A subsequent lecrystalhzation from absolute acetone raised 
the meltmg point to 161 5-164° (370 mg ) 

Acetylation of a small portion of this glycol (m p 161 5-164°) gave the 
diacetate as small flat needles melting at 142 5-143° Mariian (12) recoids 
the meltmg pomt of estnol methyl ether as 162 5-164° (coriected) and that 
of estnol methyl ether diacetate as 140-142° (uncorrected) 

Analysis — CuHjoOs Calculated C 71 48, H 7 83 
Found (a) “ 71 54, “ 7 80 
(6) “ 71 47. " 7 89 

A sample of the synthetic diacetate on admixture with authentic estnol 
3-methyl ether-16, 17-diacetate (m p 1^ 5-141 5°) showed a meltmg pomt 
of 140 5-141 5° 

Transformahon of W-Oximinoeshone S-Methyl Ether to Estnol S-Methyl 
Ether without Purification of Intermediate a-Ketol — ^Accordmg to the method 
just described 1 097 gm of 16-o\immoestrone 3-methyl ether were reduced 
with zinc and acetic acid (3 0 gm of zinc dust, 66 cc of 50 per cent acetic 
acid, a 1 hour reflux), and the neutral steroid isolated The yield was 0 926 
gm of ciystallme matenal wuth a shghtly yellow color Reduction of this 
crude a-ketohc material mth sodium amalgam by the procedure presented 
aboie(116cc of ethanol, 13 cc of acetic acid, 250 gm of 2 per cent sodium 
amalgam, temperature 40 0-40 5°, finally 10 cc of 50 per cent acetic acid) 
yielded 0 488 gm of estnol 3-methyl ether melting at 158-160° (46 per cent 
yield) 

Demeihylaiion of Estnol S-Methyl Ether — ^To a solution of 155 mg of syn- 
thetic estnol 3-methyl ether m 3 cc of pyridine w'ere added 3 cc of acetic 
anhydride , the phases were mixed well and left 48 hours at room tempera- 
ture The diacetate w as then precipitated by the addition of cold water, 
and, after having been allowed to stand several hours, filtered, washed well 
with water, and dried in vacuo 

The diy diacetate was then chssolved m 5 cc of warm acetic acid, 5 cc of 
freshly distilled hydnodic acid (sp gr 1 7) were added, and the solution of 
diacetate methyl ethei refluxed at once ovei a free flame After exactly 5 
imnutes refluxmg 100 cc of cold aqueous sodium bisulfite w ere added and 
the resultmg phases mixed w'ell Aftei precipitation had become complete 
(icebox), the crystalhne steroid was filteied, washed with aqueous sodium 
bisulfite, and then washed w ell with w ater The residue w as dned in vacuo 
The demethylated estrogen was then dissolved m 25 cc of ethanol (loom 
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temperature) and a small spatula end of sodium hydrosulfite added To 
the alcohohc solution m ere next added, for purpose of saponification, 25 cc 
of 1 N sodium hydi oxide, and the latter was mixed m -mth rapid swurlmg 
The lesultmg solution at firet became colored a deep yeUon but soon turned 
almost colorless After 24 hours saponification at loom temperature, the 
cthanohc alkali was added to 250 cc of 5 per cent sodium bisulfite contam- 
mg 2 1 cc of concentrated hydrochloric acid, and the lesultmg i oluminous 
precipitate exti acted Mith 500 cc of ethyl ethei The ethei, aftei hairmg 
been partitioned and separated from the aqueous phase, n as u ashed once 
with 250 cc of 5 per cent sodium bisulfite, ti\ ice with 200 cc portions of 0 5 
N sodium hydroxide, and tmce mth atei Evaporation of the ether gave 
an almost neghgible amount of material v hich v as discarded The com- 
bmed sodium h 3 ’'droxide phases (400 cc of 0 5 n), the bisulfite and vater 
washmgs having been discarded, weie acidified with concentiated hj’-dro- 
chlonc acid and extracted mtli 500 cc of ethyl ether This ethei, after 
separation from the aqueous acid phase, was further v ashed with bicai- 
bonate and mth vater, a mcelj’’ crystallme residue resulted on its evapora- 
tion The crystalhne residue (after treatment inth chaicoal) vas 
recrj'stalhzed once from aqueous ethanol to give 62 mg of estriol (m p 
266-267°) Recrj stallization from acetone-cj’’clohexane, fi om aqueous ace- 
tone, and from aqueous methanol raised the meltmg pomt to 268 5-270° 
A mixed melting point performed inth authentic esti lol (m p 268 5-269 5°) 
show ed 269-269 5° 

Analysis — CijHriOj Calculated C 74 97, H 8 39 
Found (a) “ 74 80, “ 8 46 
(6) “ 74 76, “ 8 61 

A repetition of this demethylation procedure, in vhich a laigei amount of 
estnol 3-methyl ether (260 mg ) was employed, gave a better }neld of estiiol 
(64 per cent) 


SUMMAHX 

The partial synthesis of estnol is described in detail From estione it is 
possible to prepare estnol 3-methyl ethei m 35 to 41 per cent jneld, and 
estnol itself in 22 to 26 pei cent oi er-all yield 

The author inshes to thank Mr Wilham R Miller for technical assistance 
m a portion of the experimentation described in this pubhcation To Dr 
D W MacCorquodale of the Abbott Laboratones, v ho supplied a generous 
sample of pure estnol, the author is particularly indebted He is sinccreh 
grateful to the Umted States Standard Products Company for financial 
support of this research 



172 


16-StrBSTI'rDTBD STEROIDS IH 


BIBLIOGRAPHT 

' 1 iMarnan, G F , Btochem J , 24, 435 (1930) 

2 Doisy, E A , Thayer, S A , Levin, L , and Curtis, J M , Proc Soc~ Exp Btol 

and Med , 28, 88 (1930) 

3 Marrian, G F , Btochem J , 24, 1021 (1930) 

4 Butenandt, A , Abhandl Ges Wtssensch Golltngen, Math -pJnjsiL Klasse, 3, pt 

2 (1931) 

5 Doisy, E A , Endocrinology, 30, 936 (1942) 

6 Huffman, M N , and Miller, W R , Science, 100, 312 (1944) 

7 Butenandt, A , Stormer, I , and Westphal, V , Z physiol Chem , 208, 149 (1932) 

8 Litvan, F , and Robinson, R , J Chem Soc , 1997 (1938) 

9 Stodola, f H , Kendall, E C , and McKenzie, B F , / Org Chem , 6, 841 (1941) 

10 Huffman, M N , and Darby, H H , J Am Chem Soc , 66, 150 (1944) 

11 Huffman, M N , J Btol Chem , 167, 273 (1947) 

12 Marnan, G F , in Ruzicka, L , and Stepp, W , Ergebmsse der Vitamin- und 

Hormonforschung, Leipzig, 1, 452 (1938) 



MICROGASOMETRIC ESTIMATION OF THE BLOOD GASES 

V COMBINED CARBON DIOXIDE AND OXYGEN 
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IRVING 

(F rom the Edtoard Martin Biological Laboratory, Suarthmore College, 

Swarthmore) 

(Received for publication, March 29, 1947) 

The determination of carbon dioxide in small (12 c mm ) samples of 
blood by the syimge method requires t’^acuum extraction (1) This 
techmque has been improved by Lihenthal and Rile}’- (2) and by technical 
developments m this laboratorj'^, so that the carbon dioxide determmation 
is now quite simple to perform With shght amplification of the technique 
it IS also noi\ possible to cariy out determinations of carbon dioxide and 
oxygen in a smgle sample of blood The combined method can be learned 
readily and offers a considerable increase m the range of usefulness of 
the syimge analyzer, inasmuch as it also permits the analysis of blood 
from birds, reptiles, amphibians, and fishes, which hitherto has been 
extremely difficult or impossible to handle with the syringe analyzei 

The accuracy of the combined analysis, as conti oiled against analyses 
by the method of Van Slyke and Neill (3), is ±1 cc of gas m 100 cc of 
blood The accuracy of oxygen deteimmation in mammahan blood is 
even better, but cannot equal the accuracy of determmation of oxygen 
alone m the larger samples used m the simple method for oxygen determi- 
nation described by Roughton and Scholandei (4) 

Apparatus — 

1 The syringe analyzer is that descnbed b)^ Scholander and Roughton 
(5) The syringe has been modified to make it easy to hold the plunger 
out dunng the lacuum extraction by providing a notch m the plunger 
which engages a spimg steel clip To cut the notch draiv the plunger out 
0 8 cc , and mark it 3 to 4 mm past the syimge barrel Cut the notch 
in the plunger with a tiiangular medium or fine India oil stone straight 
below the number of the plunger, slantmg the stone so that the sprmg chp 
will not disengage the notch duimg vacuum extraction 

2 Plashc-hpped wire plug (Fig 1 , A ), to seal the capillary durmg vacuum 
extraction The tip is fashioned from a piece of 1 5 to 2 mm plastic cord 
by lotatmg and gently heatmg it m front of a micro flame, and pulling 
it apart when the plastic becomes soft The pomted tip so formed is cut 

'Transflex rodding, Irvington Varnish and Insulator Conipan 3 , Irvington 11, Nen 
Jersey 
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off to a length of 2 to 3 mm , pierced straight with a gage No 24 synnge 
needle, and threaded onto a f to 1 mm steel ware which is bent as illus- 
trated A rubber band attaches the ware plug to the syrmge barrel, as 
shown m Fig 1 

3 TFire chp (Fig 1, B), to give the plunger a suitable friction and to 
hold the phmger out durmg lacuum extraction A 6 to 7 mm vide 
rmg IS cut off from a piece of thick walled rubber tubing and is shpped 
firmly onto the S5Tmge A stiaight angle bow of 0 4 to 0 5 mm of music 



Fig 1 Capillar j syringe and sling for the combined COj and O* method A, 
plastic-tipped wire plug, B, wire clip stuck in section of rubber tubing, C, sling 
handle, D, cradle for fastening the syringe analjzer 

Atiie, wude enough to slip oi ei the SA^rmge collai, us stuck stiaight through 
the lubbei tubmg With the chp engaged m the plungei notch, the end 
of the plunger should read 80 (0 8 cc ) 

4 Hand shng for the syringe, foi whirhng down liquid bridges in the 
capiUaiT and for breaking up bubbles m the syringe The slmg is 4 cm 
wide by 50 cm long, made from 1 5 mm of sheet aluminum It can be 
whirled around a handle (Fig 1, C) The other end is bent out at a straight 
-ingle It is furnished with a plastic cradle (Fig 1, D) which caines a 
screw hook padded with lubber tubmg for fastening the syrmge, as seen 
m Fig 1 
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Blood Sainple — Foi the general technique in handling the blood see the 
paper on ovv'gen deteiTnmation by the syringe technique (5) If the blood 
supply is I ei> scant, it may be necessaij'- to handle samples in the smallest 
possible sjuinge vith i minimum imount of dead space foi the hepaiin- 
fluoride solution Such a syimge can easi^' be piepaied fiom a 0 25cc 
tuberculin syiinge which is piovided with a wiie biake applied to the 
plunger as desciibed (Fig 1, B), to gi\e piopei friction to the plungei 
The nozzle of the sjmnge is piefeiably ground dowai stiaight on a piece 
of emeiy pajiei to a 1 oi 2 mm shoit stub and the capillaiy opemng is 
ground slightly funnebshaped bj' means of a conical steel rod and a little 
emery pow dei It w ill then fit the pipette tip peifectl} A shoit sjTingo 
needle of the correct gage to fit snuglj' into the boie of the nozzle is broken 
neai its nipple, giound square at the broken end, and stuck into the syringe 
nozzle, w'heie it is sealed in position with a diop of beeswax 

Aftei the blood is diawn into the syrmge, it is followed by a diop of 
mercury to be used for mixing the blood The needle is detached from the 
nozzle, the wax is scraped off, and the blood can now be deliveied diiecti} 
into the blood pipette Between anal 3 ’'ses the blood sjninge is sealed 
off with a drop of hot wax on the cut off nozzle and is stoied in ice water 
The blood pipette can be the pipette descnbed m the fiist repoit on 
the sjmnge analjzer (4), with ground tip, or any similai smaller pipette 
The tip must be giound conical so as to fit the cup of the s} iinge analj zei 
This IS easilj’’ done by lotating it with wet fine caiboiundum powdei m a 
small conical depression drilled oi punched m a metal plate 4.s the blood 
IS measured in the graduated capillaiy of the syrmge analyzei, the pipette 
needs no calibration 

, Principle of Method — Ferricyamde solution and capi 3 dic alcohol aie 
pre-extracted m the synnge to lemove dissolved gases The blood sample 
IS laked in the ferncjmnide in the sjnmge, diiving oxj’^gen fiom the chemical 
combmatiou into physical solution Acid buffei is then added to lelease 
the CO 2 The solution is Aacuum-extiacted m the svnnge bv closing the 
capillaiy with a plastic-tipped wire plug and pulling the plungei out to 
a position fixed by a spring clip engaging a notch in the plungei The 
sjTinge is w^hiiled m the hand sling to cleai the capillai}' fiom liquid 
budges and to break up bubble® m the blood solution The \acuum 
is leleased bj’’ letting in the plungei, and the volumes of gas aie measuied 
m the graduated capillarj’’ before and after each successne absoiption 
with alkali and alkaline pjiogallol The diffeiences between moasuie- 
ments (less blanks to coirect for air bubbles intioduced and dissohed 
gases in the leagents), multiplied by an adjustment factor to stindaid 
temper atuie and pressuie, give the cc of CO 2 and O 2 m 100 tc of blood 
Reabsorption of CO 2 dunng the compression is checked b\ using an acid 
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buffer of low CO2 solubibty, by eliminating bubbles in the syringe, and by 
piovidmg a capillary iveU dramed by centrifugation for the gas to escape 
into while it is still at a Ion pressure 

Reagents — 

1 Glyceiol-aquaiesm mixture," made by mixmg equal parts of the 
tno reagents This is stoied in a 2 cc syrmge nith a No 20 needle, 
the tip of nhich has been ground off square 

2 Ferncyamde solution 1 gm of potassium ferricj^anide, IX3Fe(CN)u, 
and 0 25 gm of sapomn are dissolved in 10 cc of distilled n ater, and 0 1 cc 
of acid-phosphate buffer is added to the solution 

3 Capryhc alcohol 

4 Acid-phosphate buSei 95 gm of acid-sodium phosphate, NaHj- 
PO4 H2O, are dissolved m 100 cc of distilled nater to make an 
almost saturated solution 

5 Distilled water 

6 10 per cent NaOH 

7 Pyrogallol solution 15 gm of powdered pyrogallol are added to 
100 cc of 20 pel cent NaOH m a rubber-stoppered bottle, and the solution 
IS covered nuth a layer of oil 2 cm thick The pyiogaUoI is dissolved by 
stirrmg with a glass rod passmg through the oil 

Reagents 2 to 7 are kept for current use m 2 or 5 cc syrmges ivitb glass 
tips attached through rubber tubing 

Procedui e 

For CO 2 and O 2 — 1 Remove the plunger from the syrmge, rinse it n ell 
ivith hot V ater, and dry by suction This is easily done by attachmg a 
small glass tube to the vacuum hne and inserting this tube to the bottom 
of the barrel, so that air is pulled through the warm capillary and barrel 

2 Introduce a drop of glycerol-aquaresm mto the barrel openmg 

Lubricate the drj’" plunger with a few streaks of the glycerol solution 
and return it to the barrel, addmg enough of the solution so that no 
air is carried m i\ath the plungei Unless the plunger is moved gently 
in the barrel, the latter may break because of the viscosity of the glycerol 
solution T^Tien the phmger strikes the bottom, the glycerol solution 
should rise only a fev mm m the capillarj \ 

3 Fill the cup with feriicjmmde, draw donm mto the barrel, and expel 
it wuthout trapping air bubbles Remove the excess, leaiing only the 
dead space filled vuth ferncyamde 

4 Place a drop of capryhc alcohol on top of the ferncyamde Draw 
dovm 2 scale dnusions of the alcohol, suck out the remamder Draw 

5 Aquaresin is obtamible from the Glyco Products Companj , Inc , New York 
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out the plunger until the fluid meniscus is lowered 1 to 2 mm into the 
capillar}’- 

5 Seat the plastic-tipped ivue plug m the cup, trapping a small air 
bubble on top of the capiyhc alcohol The rubber band must be strong 
enough to keep the capillar}’- firmly closed by the plastic tip Add a 
httle feiiicyanide in the cup to complete the seal 

G Pull the plunger out slouly until the spring clip engages the notch 
in the plunger Add gl}ceiol-aquaresm solution around the plunger 
bearing If the capr}'-lic alcohol stays in the capillary, it may be moved 
doivn into the barrel by warming the capillaiy behind it in the hand 
Allow a few seconds for extraction and release the vacuum by letting 
the plunger in Expel the bubble and repeat the extraction 

7 Low er the meniscus of the extracted fluid 1 to 2 mm into the capil- 
lary Place the tip of the blood pipette firmly against the bottom of the 
cup, trapping a small (0 5 to 1 division) air bubble betw’een the blood and 
the extracted fluid Draw the blood slowly in until the length (Ai) 
of the air bubble can be measured Continue to draw blood m verv 
slow’ly and evenly until 28 to 29 dmsions have entered Remove the 
blood pipette, suck off excess blood, adjust the upper blood meniscus 
to the zero mark, and read the volume of the blood sample b divisions 
With practice the blood volume can be made very close to 30 divisions 

8 Fill the cup to the niaik mth acid-phosphate solution, leaving 
a small (0 5 to 1 diMsion) air bubble between the buffer and the blood 
Draw slowly m until the length (Ai) of the air bubble can be measured 
Turn the s}Tinge cup down and continue to draw m phosphate buffei 
slow’ly and evenly until the bubble reaches the junction of the capillary 
With the s}wmge barrel, preventing the acid from enteiing the synnge 
barrel 

9 Rotate the syringe on an obhque axis, cup down, until the blood is 
completely laked to a uniform dark brown color by the femcyamde- 
sapomn solution If more tlian a trace of acid buffer enters the blood 
ferricyamde-sapomn solution, the blood w’lll not lake properly and the 
OX} gen wall not be completely released from the hemoglobm 

10 Hold the syringe cup up Draw’ m the remainder of the acid- 
phosphate solution and close the capillary w’lth the plastic-tipped ware 
plug, trapping a small air bubble (0 5 division or less) underneath Esti- 
mate the length of this bubble (Ag) Add a drop of acid buffer to the 
cup to complete the vacuum seal 

11 Pull the plunger out slowly so that the capillar}’ drams properly 
U'hen the small bubble underneath the plug expands Contmue until 
Ihe plunger notch engages the chp Add the glycerol solution around 
the plunger bearing 
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12 Attach the sj^nnge to the sling as illustrated It is necessarj’- 
that the plungei head should rest against the bent end of the sling Whirl 
the blood solution doim to the bottom of the syringe and tilt back and 
foith several tunes to have the liquids well mixed WTiirl the shng again 
for about 30 seconds The capillary should be clear of bndges and the 
blood solution free of bubbles Avian, leptihan, amphibian, and fish 
blood make a very viscous solution, nhich may make it impossible to 
get lid of bubbles completely If the volumes of these vacuum bubbles 
are insignificant compared mth the total vacuum space in the syrmge, 
they will not affect the result 

13 Remove the sjoinge from the sling without touching the capillary 
Hold the cup up Release the plungei stop and move the fluid quickly 
up into the capillaiy until atmospheiic pressure is almost reached 

14 Without delay remoi e the plug and adjust the upper gas memscus 
to the zeio mark and read the volume (7i) of the gas bubble Since 
the capillarj' has not been handled at anj*^ time, there is no necessity for 
tempeiatuie equihbiation in a vater bath Delay and fumbling m Steps 
13 and 14 result m some leabsorption of COj 

15 Fill the cup with watei With the syringe held cup up pull most 
of the watei down into the syrmge, where it ivill form a layer on top of 
the heavy blood solution Immediately return the bubble to the capillary, 
leaving vatei behind it on both sides of the gas m the capillary Oinng 
to absorption of CO 2 by this washing the bubble is now much shelter 

16 Rcmoie the excess water, fill the cup with NaOH Invert the 
syringe, iiin the gas bubble out into the alkali, and rotate a few times 
to facilitate absorption Draw some alkali into the capillary and 
then the gas bubble Measuie its lolume (72) 

17 Remove NaOH from the cup and fill vith pyrogallol solution 
Run the bubble out into the cup and absorb as in the prenous step Re- 
turn the bubble to the capillarv and read the volume, record and designate 
it 7i in calculations 

18 Remove the plungei gently from the bairel under the water faucet 
Shake out the contents of the barrel and wash mth runnmg tap watei 
several times befoie the plunger is agam inserted It is recommended 
that dicliromate cleanmg solution be used after each analysis to insure 
that no piotem remains stickmg to the capillaiy While the syrmge 
IS still hot, diy it by suction, as described m Step 1 

For CO 2 — If caibon dioxide alone is desiied, follow Steps 1 to 3, but 
substitute for ferncyamde water freed from CO 2 by boiling mth a drop 
of HiSOi In Step 4 omit the capryhc alcohol Proceed to Step 7, 
which IS followed through, omitting the measurement of the aw bubble 
which separates the blood from the acidulated water Add 2 divisions 
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of capiyhc alcohol on top of the blood, and immediately on top of the 
alcohol a cup full of acid-phosphate buffer Draw m the acid and close 
the capiUaiy, as in Step 10 Follow Steps 11 through 16 Calculations 
are as for the combined method 

Calctilaiwns 

\ 

COi — Yolumes pei cent of COo in blood = (Fi— 72— Ci) X / X 100/fi X i 
Cl IS the blank collection foi the CO2 content of the reagents It is 
determined b}’’ lunnmg an analysis with all the leagents, but no blood 
In oui hands it is 0 1 capillary dmsion / is the factoi foi adjusting 
gas volumes from the observed tempeiature, barometric pressure, and 
vatei vapor to their dry volumes at 0° and 760 mm (see Table I) I is 
the blood volume in teims of dmsions of the capillaiy ^ is the combined 
collection factor foi the incomplete extraction of CO2 and, foi the CO2 


Table I 

Factors for Reducing Volume of Moist Gas to Volume Occupied by Diy Gas 
at 0° and 760 Mm of Hg* 


Hg 

le I 

18’ 

20* 

22 

24 

26 

mm 

750 

n 

n 

0 90 

■1 

0 88 

n 


■IB 


0 90 


0 88 

Wmm 




0 91 

0 90 

0 89 



1 0 93 

■n 

0 91 

0 90 

0 89 

■■ 


* Abbreviated from Peters and Van Slyke (6) (Table XV, p 129) 


leabsoibed by the solutions It was found to average 1 015, vhich is the 
same figure as that detei mined m the syrmge method for CO2 m blood (1) 

O2 — ^A^olumes percent of O2 m blood = (F2— Fs— C2— o) X/X 100/5 X t 
Ci IS the blank coirection for the O2 contents of the reagents used In 
our hands it is 0 2 capillaiy division a is the O2 content of the air bubbles 
introduced duimg analysis in ordei to separate reagents o = 21 per 
cent (Ai H- /I2 -f ^3) f IS the factor foi the adjustment of moist gas 
at obseived temperature and barometric pressuie to the dry condition 
at 0° and 760 mm (see Table I) t is the combmed collection factor 
foi the incomplete exti action of O2 and for the reabsorption of O2 by the 
solutions It vas found to average 1 011 The z factor vas obtained 
as the aveiage of the factom by which the results mth the syrmge (in 
other respects coirected) must be multiplied to equal the results of the 
Van Slyke analysis 

Accuracy of Results — ^Estimations of the CO2 and O2 content of blood 
by the combined method w^ere checked agamst determmations by the 
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Van Sli’^ke and Neill manometric method (3) 
senes of detenninations on mammalian blood 

n 


The results of a consecutn e 
samples are given in Table 


Table II 

CO2 and Ot Content oj Mammalian Blood Determ.ncd by Syringe and by 
Van Sly} e Method 


The values are given as volumes of gas m 100 volumes of blood 



CO^ s>nn5C 

12 cjnm 

COi, Van Sl>ke, 

1 cc 

0 syiinse 

12 cjnm 

Oi, Van Slyle 

1 cc 

Venous blood, man 

55 3 , 56 6 

57 4 , 57 5 

6 4 , 6 4 

5 6, 5 6 


56 7, 56 3 

57 7 

5 S, 6 4 

5 7 


57 0, 56 7 


6 1, 5 S 


Aerated “ “ 

29 7, 29 3 

29 4, 29 3 

22 4, 22 6 

22 2, 22 3 


29 6, 31 1 

29 7 

22 6, 21 4 

21 8, 21 9 


30 5, 31 1 


22 5, 22 0 


Arterial blood, rabbit 

45 1, 45 3 

45 3, 45 4 

12 0, 11 8 

12 6, 12 3 


45 4, 45 3 


13 0, 12 1 



45 1, 43 7 


12 5, 12 4 



45 4 


12 1 



Table III 

COt and Ot Content of Aman and Fish Blood Determined by Syringe and by 

Van SlyJ^e Method 


The values are given in volumes per cent 



CO syringe, 

12 cJiun 

CO VanSl>ke 

1 cc 

0 5>'tmge, 

12 c ram 

0 \an51>ke, 

1 cc 

Venous blood, duck 

37 9, 39 7 

39 7, 39 5 

15 5, 15 5 

15 6, 15 4 


39 4, 39 9 

39 3 

14 3, 15 6 

16 3 

Aerated “ “ 

20 3, 20 3 

20 7, 21 1 

19 2, 19 7 

20 6, 20 2 


21 1, 20 5 

21 1 

19 5, 16 9 

19 7 


20 s 


19 0 


Heart “ carp 

29 4, 29 6 

29 9, 30 5 

5 2, 4 9 

5 7, 5 4 


27 7, 27 S 


4 9, 5 8 



29 7, 30 5 


5 2, 4 9 



30 1 


4 5 


Aerated “ “ 

19 9, IS 2 

18 4, 18 6 

11 0, 10 8 

12 0, 12 0 


19 3, 20 0 


11 0, 11 1 



IS 4, 18 0 


11 0, 11 5 



18 7 


11 1 



Outof nineteen consecutn e carbon dioxide determinations in mammalian 
blood by the sjTinge method fifteen are -mthin ±1 per cent ofthestandaid 
value 
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Out of nineteen consecutive oxygen determinations m mammalian blood 
fifteen are within ±0 6 pei cent of the standard value, and aU the results 
are witlun ±0 7 per cent 

The combined method was also apphed to the determmation of CO 2 
and 0; in the blood of buds and fishes The results of a consecutive 
series of deteiminations aie given m Table III 
Out of tvent 3 ’'-thiee caibon dioxide determmations m avian and fish 
blood bj’" the sjmnge method nineteen came vnthm ±1 per cent of the 
standard ^ alue 

Out of tu ont 3 ’'-thrce ox^^geu deteiminations m avian and fish blood 
ti\enty came vithm ±1 per cent of the standard value 

SUMMARY 

The sj’^ringe analj’’zer method of Scholander and Roughton is adapted 
for the determination of the CO 2 and O 2 content of a smgle sample of blood 
O 2 IS released fi om chemical combination by ferricj’^anide and CO 2 is evolved 
by the addition of acid-phosphate buffer The gases aie vacuum-extracted 
m the sjumge, selectively absorbed, and measured m the capdlarj’" The 
volume of blood lequiied for a deteimmation is 12 c mm The accuracy 
for both gases is within ±1 pei cent for mammahan, bud, and fish blood 
The tune necessaiy foi an analysis is 15 to 20 mmutes 

The authors wish to acknowledge the aid m this research of a grant 
from the Rockefeller Foundation 
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THE SYNTHESIS OF PHOSPHOMALIC ACID* 
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Estenhcation of inoiganic phosphate coupled to the oxidation of fumaiate 
01 malate m tissue suspensions has been lepeatedl}’- demonstrated (1-4) 
Kalckai (2) and Lelou and Munoz (4) ha\ e sho\i n that duiing the oxidation 
of malate oi fumaiate a phosphate estei having the propeities of phos- 
phopyiuvic acid is foimed In explanation of these data, Lipmann (5) 
has suggested that fumaiate combines uith inoiganic phosphate to foim 
an intermediate phosphoiylated ester, namely phosphomalic acid, vliich 
IS then postulated to undeigo oxidation to phosphoenoloxalacetate De- 
caiboxylation of the latter vould jneld phosphopjnmvate Solomon 
cl al (6), have concluded that such a mechamsm foi phosphopjum ate 
synthesis vould account foi observed isotope distribution in then study 
of glycogen foimation flora lactate The esterification of phosphate 
during malate oi fumarate oxidation may also have considerable signif- 
icance m Mew of the fact that oxalacetate can act as an intermediate 
hydiogen acceptor foi as many as 8 of the 12 hjdrogen atoms released 
in the oxidation of 1 molecule of triose phosphate (7) 

In view of the general importance of these suggestions it appeared that 
study of the esterification mechanism might be aided if the hypothetical 
intermediate w^eie available This papei deals with the sjm thesis and 
properties of the optical isomers of phosphomalic acid, the intennediate 
postulated by Lipmann 

Several attempts to phosphor ylate malic acid with phosphoms 0x3- 
chloiide by the method used b3'’ Wagner -Jam egg (8) m the piepaiation of 
phospholactic acid failed This approach w as abandoned w hen it became 
evident that the mam pi oduct of the reaction w as inoi game pi 1 ophosphate 
An attempt to phosphor 3date malic acid directl}^ with dipheni Iphosphori 1 
chloride by the method of Bngl and Mullei (9) was also unsuccessful, 
the mam product of the reaction being diphen3’'lphosphonc acid How- 
ever, it was found that dietlyd malate in p3'ridine could be leadih jihos- 
phoiylated wnth diphen3dphosphoi3d chlonde at room temper atm e The 
phenyl groups were then removed b3 h} di ogenol3’^sis m the presence of 
platinum oxide catal3'st, and the resulting diethvl ester of phosphomalic 

* This investigation was supported in part a grant from the Albert and Mar 3 
Lasker Foundation, Inc , and the Sidnej and Frances Brodj Foundation 
t National Institute of Health Research Fellow 
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acid was saponified by dilute alkali at 38° The banum salt of phospho- 
mahc acid nas precipitated from an alkahne medium, freed of inorganic 
phosphate ivith magnesia mixture, and purified by reprecipitation The 
over-all yield was appioximately 50 per cent of theory 

Barium phosphomalate is only slightly soluble m water but qmte soluble 
m acid The ratio of barium to phosphomahc acid m the precipitated 
salt depends on the conditions of precipitation Pi ecipitation of the barium 
salt from a distinctly acid solution by addition of 6 volumes of ethanol 
yields a salt containing 1 3 moles of barium per mole of phosphorus, whereas 
pi ecipitation at pH 8 5 without addition of alcohol yields a compound 
with a Ba P latio of 1 8 to 1 9 A latio of 1 9G is attamed by precipitation 
of the banum salt at pH 10 Other analytical data show that the Ba P 
latio IS an indication of the lelative amounts of monobarium and dibanum 
phosphomalate piesent in the salt 

Ciystalhne brucine salts of d- and di-phosphomahc acid were obtained 
Insoluble lead and sdvei salts were also prepared but were not investigated 
further 

Phosphomahc acid is fairly stable to 1 n HjSO^ at 100° and to alkali at 
room tempeiature It is readily hydrolyzed by the acid phosphatase 
of human seminal fluid 


EXPURIMENTAL 

Diphenylphosphoiyl Chloride — Diphenylphosphoryl chloride was pre- 
pared by the method of Bngl and Muller (9) and redistilled at 209-212° 
(24 to 25 mm ) 

Dielhyl l-Malate — Z-Mahc acid was esteiified by the method of Fischer 
and Speier (10) The rotation of the ester was [a]n^ = —15 9° (0 6304 
gm m 10 00 ml of acetone) as compared mth a value of —14 16° reported 
by Walden (11) 

Dielhyl-l-diphenyl Phosphomalate — ^To 16 62 gm of diphenylphosphoryl 
clilonde in 11 ml of dry pyridme were added 11 75 gm of diethyl l-malate 
in 6 ml of pyndme Crystals of pyridine hydrochlonde appeared im- 
mediately m the leaction mixture Although heat was evolved, cooling 
was not necessaij’- 9 ml of pyridine were used as a wash to complete 
the addition of diethyl malate The reaction mixture w'as allowed to 
stand at loom temperature for 28 hours Water, 100 ml , was then added 
and the pH w as adjusted to 8 0 by the addition of 7 5 ml of 9 8 n NaOH 
The two phase mixture uas extracted wnth three portions of ether (total 
%olume, 200 ml ) The ethei extract w'as washed with four portions of 
0 5 N H2SO4 (total volume, 200 ml ), and three portions of water (total 
volume, 150 ml ) The w^ashed ether extract was then taken to diyness 
m vacuo Ethanol w as added after evaporation of the ether and the solu- 
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tion AA as again taken to dryness Aftei several such additions of ethanol, 
the oil residue was dned m a vacuum oven at room temperature for 20 
hours The yield vas 22 46 gm , or 86 per cent of theory The rotation 
vas [aJs* = — 6 49° (0 5931 gm m 5 00 ml of acetone) 

Anahjsis~C oH jOjP Calculated, P 7 35, found, P 7 31, 7 38 

Diethyl l-Phosphomalale — Hydrogenolysis of diethyl J-diphenyl phos- 
phomalate was accomplished by the method of Brigl and Muller (9) 

1 6746 gm of diethyl Z-diphenyl phosphomalate m 50 ml of ethanol were 
hydrogenated at room temperature and atmospheric piessure in the pres- 
ence of 155 mg of platinum oxide catalyst At the end of 4 hours the 
uptake of hydrogen had completely ceased The uptake was approxi- 
mately 860 ml as compaied to a calculated uptake of 840 ml The ethanol 
solution v as filtered and evaporated in vacuo The oil residue was taken 
up vith a small amount of ethanol and neutiahzed with alkali, requiring 
75 9 ml of 0 1 N NaOH, or 95 5 per cent of theorj’’ Watei was added 
to 100 ml 

Saponification of Diethyl l-Phosphonialate — To a 10 ml aliquot of 
dieth 3 d disodium Z-phosphoraalate, repieseutmg the hydrogenolysis product 
of 0 1675 gm of diethyl Z-diphenyl phosphomalate, weie added 1 0 gm 
of barium acetate in 5 ml of water and 10 ml of 0 1 n NaOH The barium 
salt of phosphomalate gradually precipitated as the saponification pro- 
ceeded The mixture was allov ed to stand overmght at room temperature 
It was then adjusted to neutrahty by the addition of 2 18 ml of 0 1 N 
HCl Thus 0 78 milhequivalent of alkah was used for the sapomfication 
of the diethyl ester, oi 99 per cent of theory A separate 25 ml aliquot 
shoved an uptake of 2 04 milhequivalents of alkali, or 101 per cent of 
theorj'^ This method of sapomfication was therefoi e quantitative and w as 
employed in the preparation of larger batches of banum f-phosphomalate 

Banum l-Phosphomalate — The hydrogenolysis product of 2 01 gm of 
diethyl Z-diphenyl phosphomalate was neutralized with 97 3 ml of 0 1 it 
NaOH To the solution were added 2 7 gm of banum acetate and 120 ml 
of 0 1 N NaOH The solution was allowed to stand overmght at 38° The 
banum precipitate was combmed vuth that of a dupheate batch and 
centnfuged The banum salt was dissolved m 125 ml of water mth the 
addition of 2 8 ml of 12 n HCl The barium salt was then piecipitated by 
adding 10 n NaOH to pH 8 5 After centrifugation the banum salt was 
redissolved and leprecipitated two more tunes as desenbed above It vas 
finally washed by three resuspensions m 50 ml portions of water After 
two suspensions m absolute alcohol, the banum salt w as centrifuged and 
dried m vacuo foi 24 houre at 60° The weight of the salt v as 3 51 gm , 

yield of approximately 70 per cent of theorj’' 
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Purification of Barium l-PJwsphomalate — ^To 2 7 gm of powdered barium 
Z-phosphomalate were added 43 ml of 0 5 n H 2 SO 4 The suspension was 
shaken for 20 minutes The barium sulfate was centiifuged and ashed 
once with 10 ml of water The first supernatant layer and the u ash m atei 
were combmed 1 ml of 12 n HCI and 0 8 gm of MgCh 6 H 2 O m 10 ml of 
water wei e added 1 5 n ammonia wrns then added to pH 8 5 The solution 
was placed m a refngerator for 4 hours It u as then filtered through a 
cotton-asbestos disk The filtrate was adjusted to pH 2 8 by addition of 
12 N HCI Barium acetate as added to rid the solution of sulfate After 
centrifugation and filtration through cotton-asbestos, the clear filtrate was 
treated with 4 0 gm of banum acetate The precipitate which appeared 
at this pomt A\as put mto solution by further addition of 12 n HCI The 
solution was now completely clear 15 n ammoma was then added to pH 
8 5 The banum salt was centrifuged and washed tnnee by suspension in 
40 ml portions of dilute ammoma The salt was dned in vacuo for 25 
hours at 60° The yield was 2 245 gm or approximately 83 per cent re- 
covery The rotation was = —4 03° (0 2729 gm in 5 00 ml of 
22 N HCI) The specific rotation of Z-phosphomalic acid based on the 
quantity of esterified phosphorus present m the barium salt was —9 7° 

The salt was foimd to be a mixture of 83 7 per cent dibanum phos- 
phomalate, 7 9 per cent monobanum phosphomalate, 8 1 per cent watei, 
and 0 3 pei cent barium phosphate The Ba P ratio uas 1 89 (Ba is 
corrected for the amount equivalent to moiganic P m all latios given in this 
paper The P value used is estenfied P ) 

Analysis — Calculated C 9 39, H 1 53, Ba 50 8, P 6 08, inorganic P 0 03 
Found " 9 71, “ I 45, " 50 8, " 6 08, " " 0 03 

Barium dl-Phosphomalaie — Racemic barium phosphomalate was pre- 
pared by methods desenbed m this paper with tv o modifications to ascer- 
tam best conditions for precipitation of the dibanum salt 

1 Crude banum phosphomalate, prepared by the hydiogenolysis and 
subsequent saponification of 6 81 gm of diethyl diphenyl phosphomalate, 
vas suspended m 200 ml of water and dissolved by addition of 12 N HCI 
6 volumes of ethanol weie then added The precipitate was centrifuged 
and dned m a vacuum oven at 60° The Ba P ratio was 1 31 

Analysis— Found, Ba 41 7, P 7 19, inorganic P 0 11 

2 The alcohol-piecipitated barium salt was dissolved m HCI, banum 
acetate added, and the salt reprecipitated by the addition of 15 n ammoma 
to pH 8 5 The suspension w as allow ed to stand for 1 hour bef 01 e centiifu- 
gation After tivo wmshmgs wnth dilute ammoma and final suspension m 
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ethanol, the barium salt was centrifuged and dned at 60° m vacuo The 
Ba P ratio was 1 96 

Analysis — Found, Ba 53 5, P 6 17, inorganic P 0 13 

Inspection of the above analytical data shows that precipitation of 
dibarium phosphomalate is dependent on adjusting the pH to 8 5 A 
low ei pH favors the precipitation of monobanum phosphomalate 

d-Mahc Acid — The method of Dakin (12) w^as used for the resolution of 
f//-mahc acid 

Diethyl d-Malale — The dieth3d ester of d-mahe acid was prepared ac- 
cording to the method of Fischer and Speier (10) as described for the prep- 
aration of diethyl Z-malate The ester boiled at 125-127° (10 mm ) The 
rotation was [a]^^ = +16 5° (0 6577 gm m 10 00 ml of acetone) This 
lotation compares favorably with the opposite rotation of —15 9° obtamed 
foi diethyl Z-malate 

Banuvi d-Phosphomalatc — The synthesis of diethyl cZ-phosphomalate was 
accomphshed as described foi the Z isomer The hydrogenolysis product of 
7 17 gm of diethyl d-diphenyl phosphomalate (three separate hydrogena- 
tions of 2 39 gm each) was saponified by treatmg the oil with 750 ml of 
0 1 N NaOH for 22 hours at 38° The solution w as then acidified with 9 ml 
of 12 N HCl 2 gm of MgCb 6H2O m 4 0 ml of water were added and 
15 N ammonia to pH 8 5 The solution was placed m a refrigerator for 
2 hours and then filtered through two filter disks The filtrate was treated 
with 9 gm of baiium acetate 12 n HCl w^as added until the barium pre- 
cipitate dissolved The flask w'as then evacuated to remove CO2 15 n 
ammoma w as added to pH 8 5 The banum salt w^as centrifuged and 
V ashed tw ice by suspension m 50 ml portions of dilute ammoma Aftei a 
final suspension m 100 ml of ethanol, the barium salt w'as centrifuged and 
diied in vacuo at 60° foi 24 hours The yield w^as 5 58 gm , or 63 pei cent 
of theoiy The rotation was [a]^^ = +4 08° (0 2430 gm in 4 50 ml of 
2 2 N HCl) The specific rotation of d-phosphomalic acid, based on the 
quantity of esteiified phosphorus m the barium salt, is +9 7° This rota- 
tion agrees with the opposite rotation of —9 7° given by Z-phosphomalate 
and indicates strongty that no racemization took place m the sjmthetic 
piocedures The Ba P ratio was 1 79 

Analysis — ^Found, Ba 50 2, P 6 40, inorganic P 0 32 

Purification of Banum d-Phosphomalate — The following is the preferred 
proceduie foi the purification of phosphomahe acid, smee it jields the 

dibaiium salt free of all but traces of inorgamc phosphate To2 55gm of 

poivdeied barium d-phosphomalate were added 37 27 ml of 0 5 n HcSOi 
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The suspension was shaken for 45 minutes and then centrifuged 1 ml of 
12 N HCl and 1 0 gm of MgCU 6H2O m 5 ml of water i\ere added to the 
supernatant hqmd 15 N ammoma was added to pH 10 The solution 
was allowed to stand m the refrigerator overnight and then filtered through 
a cotton-asbestos pad 4 drops of 2 m barium acetate w ere added to free 
the solution of any sulfate present After filtration, the solution was 
poured mto 9 3 ml of 2 m banum acetate (100 per cent excess) w ith vigorous 
stirrmg After 1 hour the barium salt was centrifuged and washed with 
100 ml portions of the foUownng 1 per cent banum acetate (adjusted to 
pH 10 with ammonia and filtered), 50 per cent ethanol plus 2 drops of 
15 N ammoma, 75 per cent ethanol plus 2 drops of 15 n ammoma, 95 per 
cent ethanol, and ether The salt was dned m vacuo at 60° for 16 hours 
The jneld was 2 08 gm , or a recoverj’’ of 81 per cent The Ba P ratio was 
1 96 

Andlyszs — Found, Ba 52 5, P 6 08, inorganic P 0 07 

Tetrabrucine Salt of dl-Phosphomalaie — ^To 250 mg of barium df-phos- 
phomalate w ere added 4 ml of water and 4 0 ml of 0 5 n H2SO4 The 
suspension was shaken for 15 mmutes The banum sulfate was centn- 
fuged off, and the clear supernatant neutralized bj' addition of KOH 
7 ml of saturated aqueous brucme hydrochloride w ere added A cottonj 
mass of fine long needles was obtamed after 2 days at 5° The substance 
was recrj’'stalhzed twice from hot water and dned in vacuo at 60° The 
3neld w as 223 mg , or 24 per cent of theoiy The crj stals smtered with 
decomposition at 142-148° Analytical values corresponded to those of a 
salt containmg 4 moles of brucme per mole of phosphomahc acid 

Analysts — CsiHinO tNsP SHjO 

Calculated C 61 25, H 6 48, N 5 96, P 1 65 
Found “ 61 23, “ 6 56 " 5 93, " 1 64 


Brucine d-Phosphomalaie — 500 mg of banum d-phosphomalate were 
dissolved m 2 5 ml of water and 0 35 ml of 12 n HCl 10 ml of saturated 
aqueous brucine hydrochlonde w-ere added and soon thereafter short 
blunt needles appeared The brucme salt, reciystalhzed three times from 
W'ater and dried in vacuo at 60°, weighed 306 mg , a yield of 50 per cent of 
theoi^’ The ciystals smtered with decomposition at 149-154° The 
analytical imlues corresponded to those of a compound contaimng 1 mole of 
brucme per mole of phosphomahc acid 


Analysts — Cj-BhOuN P 

Calculated 

Found 


C 52 52, H 5 55, N 4 54, P 5 02 
“ 52 52, “ 5 64, “ 4 53, “ 5 01 
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Stahihty of Phosphomahc Acid to Acid and Base — ^Phosphomalic acid 
IS quite resistant to acid hydiolysis, as indicated by the data in Table I 
After 3 hours in 1 N H 2 SO 4 at 100°, 19 per cent of the esterified phosphorus 
IS hj’’diolj’’zed No appearance of inorganic phosphorus was detected 
■alien phosphomahc acid i\as treated aith cither 1 n NaOH for 20 minutes 
at 20 ° 01 alkaline iodine 

Action of Acid Phosphatase on Phosphomahc Acid — ^Phosphomahc acid 
was readily dephosphoiylated by a piepaiation of acid phosphatase ob- 
tamed fiom Di Charles B Huggms of the Department of Surgery A 
solution of the following composition was mcubated for vaiious penods at 


Table I 

Hydrolysis of l-Phosphomahc Acid tn 1 n HjSOt at 100° 
Each aliquot contains 29 8 7 of estenfied P 


Time 

Inorganic phosphorus released 

Hydrolysis 

mtn 

r 

per cent 

10 

0 2 

0 7 

60 

2 3 

7 7 

120 

4 4 ; 

15 

180 

5 6 

1 

19 


Table II 

Action of Acid Phosphatase on l-Phosphomaltc Acid at Room Temperature (86°) 
Each aliquot contains 23 0 r of esterified P 


Time 1 

Inorganic phosphorus released 

Hydrolysis 

mtn 

7 

per cent 

30 

7 0 

30 

60 

11 5 

SO 

180 

16 0 

65 


loom temperature 1 0 ml of Z-phosphomahc acid (3 7 micromoles or 115 
7 of esterified P and 10 7 of inorganic P), 1 0 ml of diluted acid phosphatase 
pieparation from human semen (contammg 105 7 of inoigamc P), 5 0 ml 
of acetate buffei, pH 5 0 

The reaction was stopped at chfferent tune mtenmls bj' addition of 
2 5 ml of 20 per cent trichloroacetic acid and morgamc phosphate detcr- 
mmed on ahquots of the filtiate Table II shuns the e'rtent of dephos- 
phorylation at vanous tune intervals 

SUMMARY 

Phosphomahc acid was sjmthesized by phosphorj latmg diethjd malate 
inth diphenylphosphoryl chloride, folloncd bj removal of the phenyl 













190 


PHOSPHOMALIC ^CID 


groups bj’’ catalytic hydrogenoljsis and saponification of the lesulting 
ethj'l ester The d, I, and dl enantiomorphs of phosphomahc acid were 
prepared as banum salts Crj stalline brucine salts of phosphomahc acid 
were also obtamed 

Phosphomahc acid w'as found to be relatively stable to acid and alkah, 
but easily hydrolyzed by the action of acid phosphatase 
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THE USE OF RANEY’S NICKEL IN A DIFFERENTIAL 
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{From the Department of Chcnnslry, University of Pittsburgh, and the Institute of 
Pathology, TFcs^crn Pennsylvania Hospital, Pittsburgh) 

(Received for publication, March 17, 1947) 

A method foi the detemimation of ONybiotin m the presence of biotm 
m biological mateiials has recently been described (1) This differential 
assay was based upon the stability of oxybiotm towards dilute potassium 
permanganate and the mactivation of biotm by this reagent This papei 
desenbes another differential assay iihich is based on the contrasting 
behavioi of biotm and oxj'biotm towards Raney’s mckel catal 5 ’’st 

Du Vigneaud el al (2), applying the Mozmgo reaction (3), have shown 
that biotm undeigoes hydiogenolysis when treated with Raney’s mckel, 
and is thereby converted mto desthiobiotm It could be expected that the 
tetrah 3 '^drofuran moiet}’’ of ox 3 ^biotm w'ould be resistant to this treatment 
Tins was actually found to be the case 

In materials contaimng both biotm and oxybiotm, treatment with 
Raney’s nickel conveits the biotm mto desthiobiotm without aflecting the 
oxybiotm ‘ Desthiobiotm is mactive foi Lactobacillm arabiiwsits (5) 
Therefore, the actnit}’’ remaming after treatment with Raney’s mckel 
IS due to the oxybiotm present These considerations served as the basis 
for a quantitative method for the determination of oxj'biotm m the presence 
of biotm A similar procedure has already^ been apphed by Stokes and 
Gunness (6) to demonstrate the convereion of desthiobiotm to biotm 

Methods and Materials 

Pieparation of Solutions for Assay — Solutions of d-biotm and dl-oxybiotm 
weie prepared m 0 1 n sodium hydroxide at concentrations of 2 and 4 
millunicrogiams per ml , lespectivelj'^ A solution contammg 1 milhmicro- 
giani of biotm and 2 milhmicrograms of oxybiotm per ml was also em- 
ployed 

The natural materials were first hj'^drolyzed with acid, according to 
standard procedures They were then neutralized and additional sodium 
hy'^droxide added to a concentration of approximately^ 0 1 n The final 

* Supported by grants from the Buhl Foundation and the Williams-Watennan 
Fund of the Research Corporation 

’ dl Oxybiotm has 50 per cent the activity of d-biotin for Lactobacillus arabtno 
sus (4) 
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ranby’s nickel in biotin assay 


concentration of biotin in the alkahne extracts should not exceed 2 mil- 
lumcrogiams pei ml 

Preparahon of Catalyst — 200 mg sample of Raney’s mckel alloy was 
suspended in 5 7 ml of 4 per cent sodium hydroxide m a 50 ml volumetnc 
flask and heated for 45 minutes on a steam bath The liquid was decanted, 
6 7 ml of 4 per cent sodium hydroxide were added, and the suspension 
agam heated for 15 mmutes The catalyst was i\ ashed by decantation 
•with thiee 5 ml portions of water and was then ready for use 
Inactivation Procedure — A. solution prepared as described above (10 ml ) 
was added to the catalyst and the suspension was mechanically sliaken in 
\ 

Table I 

Differential Behavior of Biotin and Oxybiolin toiiards Raney’s Niclel in Pure Solution'^ 

and Yeast Extracts* 


^latenal 

t 

After Raney’s nickel treatment 
(4 0 miUimicrograms before 
treatment) 

rf-Biotin 

milhmcro&rams per ml 

0 0 

dl Oxybiotm 

4 0 

d-Biotm -h di-oxybiotinf i 

2 0 

"yeast extract I 

0 0 

“ “ -fi d-biotinf 

0 0 

“ “ -b dl oxybiotm§ j 

2 0 


* AU activities are expressed as oxj biotin equivalents These equivalencies are 
obtained by referring gronth activities to an oxybiotin standard curie 

■f A solution containing 1 millimicrograra of d biotm and 2 millimicrograms of 
df-o\ybiotin per ml 

X The yeast extract was diluted rvith an equal volume of a solution containing 2 
imllimicrograms of d-biotin per ml 

§ The yeast extract was diluted ivith an equal volume of a solution contaimng 4 
nullimicrograma of dhoxybiotin per ml 

a boiling n ater bath foi 10 mmutes, made up to volume v ith distilled v atei , 
and filtered 10 mg of Raney’s mckel alloy should be emplo 3 ^ed foi each 
miUimicrogram of d-biotm piesent It is essential to conduct the inactiva- 
tion procedure m an alkalme solution, since at neutrality oxybiotin is 
strongly adsorbed by Raney’s mckel catalyst 25 ml of the filtiate weie 
placed m a 50 ml volumetnc flask, adjusted to pH 6 8 with 0 5 n hydro- 
chlonc acid with brom-thymol blue as an mtemal indicator, and made 
up to volume with distilled water The giowdh-promoting activity of 
this solution was then determined wnth Lactcbacxllus arabmosus (7) 
The oriemal activity of the solution was determmed by applymg the iden- 
tical procedure m the absence of the catalyst The results obtamed aie 

given in Table I 
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SUJIJIARY 

The results reported lu tins iiapei may be summarized as folloiis 

1 Biotm 111 pine solution oi m the piesence of yeast extract is quanti- 
tatively inactivated b}’’ Raney’s luckel 

2 Under siniihi conditions, oxj'biotin is unaffected bj'^ this treatment 

3 Tlie activitj lemaimng aftei treatment of a mixture of biotin and 
oxybiotin is due to the oxybiotm piesent 

4 All of the activity piesent m a yeast extract is inactivated by the 
treatment with Raney’s nickel 

A quantitative proceduie for the determmation of oxybiotm m the 
piesence of biotin m natural mateiials has been de^ eloped 

The technical assistance of Miss Lola Ward and Miss Maigaietta Taylor 
IS gratefully acknon ledged 
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THE METABOLISM OF OXYBIOTIN IN YEAST* 

By A E AXELROD, BARBARA C FLINN, and Ta.A TTR HOFAIANN 

(F rom the Insbhttc of Pathology, Western Pennsylvania Hospital, and the Departmentof 
Chemistry, Unnerstiy of Pittsburgh, Pittsburgh) 

(Received for publication, March 17, 1947) 

The demonstration of the marked biological actmty of oxybiotm (1-4), 
the oxygen analogue of biotin, has focused attention upon the mode of 
action of this compound It became of paiticulai mteiest to determine 
whether oxybiotm possesses intimsic activity oi whether its biological 
potency is due to its conversion into biotm The evidence m the liteiatuie 
IS conflicting on this pomt Hofmann and Winmck (5), employing a 
differential assay procedure based upon the selective destruction of biotin 
activit}’’ by dilute potassium permanganate, have demonstrated that 
Saccharomyccs cerevistae and Rhtzobium tnfoht utilize oxybiotm as such 
and do not convert it mto biotm On the other hand, Rubm et al ( 6 ) 
have presented data from balance studies on S cet evistae, which indicates 
that 0 -heterobiotm^ vas converted mto biotm oi some other compound 
wluch possessed more activity for S cerevistae than did ox 3 ’^biotm 
The experiments described m this paper vere designed to claiif}^ this 
controversial pomt The yeast balance studies of Rubm et al ( 6 ) weie 
repeated under conditions identical noth those employed by these authors 
In addition, three differential assay procedures for the determmation 
of oxybiotm in the presence of biotm have been utilized to ascertain v hether 
cells of /Sacc/mromi/cescerewszacgi own m the presence of oxj’'biotm contam 
biotm These four independent experimental approaches led to the same 
conclusion, namely, that Sacchai omyces cerevistae does not comert oxy- 
biotm mto biotm 


Balance Studies 

These experiments were conducted m an effort to repeat the observations 
of Rubm et al ( 6 ) Saccharomyces cerevistae vas giown in the presence 
of dZ-oxybiotm and the dZ-oxybiotm content of the harvested cells and 
medium was detennmed by iS cerevistae assaj'^ ( 8 ) Since for 3 '^east dl- 
oxybiotm is onlj’’ 25 per cent as active as d-biotm, any coni ersion of oxi’'- 
biotm mto biotm durmg growth would lead to an increase m total 
oxybiotm eqmvalents’' and an apparent lecoverj" of added oxj’^biotm ex- 

* Supported in part by a grant from the Wilhams-Waterman Fund of the Research 
Corporation 

^ 0-Heterobiotin has been shown to be identical with oxybiotm (7) 

- Since in the present studies we are dealing with mixtures of biotin and ox> biotm, 
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ceeding 100 per cent Such, high recovenes were reported by Rubin et al 
and served as a basis for their conclusion that oxybiotin was converted 
into biotm or a vitamer of smiilai activity 

Saccharomyces cerevtsiae was groivn in 250 ml Erlenmeyei flasks con- 
taming 40 ml of the Snell medium (9) Varjung amounts, t e 10, 25, 
50, or 100 milhmiciogiams, of dJ-oxybiotm weie added to each flask In 
other experiments, 2 and 8 milluniciogiams of d-biotin were employed 
Distilled water was added to a final volume of 47 ml Aftei autoclaving 
for 10 minutes, the contents weie cooled and seeded with 1 ml of a suspen- 
sion of Saccharomyces cerevisiae 139® prepared by suspending cells fiom a 24 
hour culture grown on Difco woit agar in sufficient sterile distilled water to 
give a concentration of 0 55 mg of dry yeast per ml ■* This amount of 
dry yeashcontains 0 60 millimiciogiam of d-biotm, which is equivalent to 
2 4 millimiciogiams of di-oxybiotin m yeast growth-piomotmg activity 
Since this amount of oxj biotm activity represents a considerable proportion 
of the total oxybiotin added in the 10 millimiciogiam balance studies, 
experiments with this level of oxybiotin were also performed in which the 
inoculum consisted of 0 01 mg of dij j-east The biotm content of this 
quantity of yeast is negligible All expeiiments weie conducted in du- 
phcate 

After incubation at 30° for 18 houm, the cells were hai vested by cen- 
tnfugation The supernatant medium was autoclaved for 15 minutes 
and assayed without fuither tieatment The cells weie autoclaved for 
1 houi with hydrochlonc acid In ordei to deteimine the optimum ex- 
traction procedure, the effects of varjang amounts and concentrations 
of acid were studied Foi the 10 millimiciogram studies, 10 ml of 2 n 
hydrochlonc acid juelded maximum extraction values In the remamder 
of the balance studies, the maximum yield of giowth factor was obtamed 
when 5 ml of 6 n hydrochlonc acid were employed These conditions 
weie utilized to obtam the results reported m the present paper In oui 
early experiments, the cells weie hydiolyzed vuth sulfunc acid The 
same results in the balance studies weie obtamed with both acids 

The acid hydrolysates were adjusted to pH 4 0 with sodium hydroxide, 
diluted to a concentration of approximately 0 2 miUimicrogram of oxy- 
biotm equivalents per ml , and filtered Both the clear filtrates and the 

it has been found desirable to express all activities m terms of oxybiotin equivalents 
These equivalents are obtained by referring growth activity to an oxybiotin standard 
curve 

* Obtained from the American Type Culture Collection 

* The yeast concentration was determined in an Evelyn photocolonmeter from 
a calibration curve relating turbidity reading to dry weight of yeast The drj 
matter content of these cells was 23 per cent by weight 
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autocla\ed medium were then assayed for their oxybiotm activity by the 
Saccharomyces cerevisiac method of Heitz (8) ® ® In those balance studies 
in Inch biotin v as added, the biotin content was calculated from a biotin 
standard cun^e Satisfactory lecovenes of biotm and oxybiotm vere 
.obtained when these compounds were added to the harvested yeast cells 
before acid hydrolysis 

The results of the o\ 3 '^biotin balance studies are given in Table I The 
peicentage recoveiy of added oxybiotm was less than 100 and demonstrates 
that oxybiotm is not converted into biotm oi any other compound wnth 
more activity for Saccharomyces cerevtstae In tw'o balance expen- 


Table I 

Balance Studies with Saccharomyces cerevisiae 


Oxybiotm added to 
medium 

No of 
experiments 

Type of 
inoculum 

OxjbiotiD equivalents found in 

Recovery of 
added 
oxybiotm 

Cells* 

Medium 

mtlltmicrograms 



mslltmtcrograms 

mtUtmterogram 

Per cent 

10 

7 

Lowf 

8 7 (6 0-10 0) 

1 

97 

10 

13 

Hight 

8 4 (7 3- 0 6) 

1 

94 

25 

4 

« 

21 4 (18 5-23 3) 

1 

00 

SO 

4 


143 3 (40-46) 

1 

89 

100 

4 

(( 

83 3 (80-86) 

1 

84 


* Average values are given with ranges in parentheses In the high inoculum ex- 
periments these are corrected values and are the oxybiotm equivalents observed 
minus the oxybiotm equivalents (2 4 millimicrograms) furnished by the biotm pres- 
ent in the inoculum 

t Flasks seeded with 0 01 mg of dry yeast 
X Flasks seeded with 0 55 mg of dry yeast 

ments mth d-biotm, recoveries of 105 and 85 per cent of the added biotm 
were observed 


Differential Assay Piocedures 

It appeared desirable to confirm the results of the balance studies bj"^ 
demonstrating the absence of biotm m cells of Sacchai omyces cerevisiac 

The assays were conducted in 50 ml Erlenmeyer flasks at 30° 

* It should be pointed out that the hydrolysates contain both d-biotin (from the 
inoculum) and d/-oxybiotm Since with Saccharomyces cerevisiac the gron th cun es 
of these two compounds are different in shape (2), different activity ratios at \ arious 
portions of the curves are observed However, the shapes of the growth curves are 
identical up to 1 millimicrogram of oxybiotm equivalents per flask Suitable assaj s 
can, therefore, be obtained if the amount of oxybiotm equiv'alents added per assaj 
flask IS kept below 1 millimicrogram 
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grown on oxybiotin Methods permitting the differentiation of biotin 
and ON 3 "biotm were' necessary for this purpose Three such differential 
assay procedures have been devised m our laboi atones and were applied 
to the acid hydrolysates of cells of Saccharomyces cereuistoe giown in the 
presence of varymg amounts of oxybiotiu The methods employed iij 
giow'ing the cells and obtaining the acid hydrolysates have been described 
in the previous section Each flask was seeded with 0 55 mg of dry yeast 
It was necessary to combine the hai vested cells from several flasks and 
hydrolyze them wnth proportionally mci eased amounts of 2 N oi 6 n hy- 
drochloric acid m order to obtam enough matenal foi analysis 

Pamangmiate Method (5) — ^This method is based upon the fact that 
biotm is converted by dilute potassium permanganate mto biotm sulfone, 
which IS mactive for Sacchat omycc^ ceievtsiae m the amounts present under 
our assay conditions In contrast, this tieatment causes only a slight 
destruction of oxybiotm Therefore, any groivth activity for Saccharomyces 
cerevistae remaimng aftei treatment of a mixtuie of biotm and ovybiotm 
w'lth permanganate is due to the oxybiotm present 

The hydrochlonc acid hydrolysates prepared from the hai vested yeast 
cells were adjusted to pH 1 0 wuth sodium hydroxide, diluted to a con- 
centration of approximately 2 millimicrograms of oxybiotm equivalents 
per ml , and filtered 3 ml of the filtrate were treated with 6 ml of 0 01 
N potassium permanganate and allowed to stand at room temperature foi 
5 minutes After decolorization of the excess permanganate wuth 0 05 
M sodium bisulfite, the solution W'as adjusted to pH 4 0 wuth sodium hy- 
di oxide, and diluted to 25 ml wuth distilled watei Tlie growrth activity 
for Saccharomyces cei evtstae was then determined (8) The same pi ocedure 
w'as applied to 3 ml of a 0 1 n hydrochlonc acid solution containmg 10 
millimicrograms of c?f-oxybiotm The growth curve obtamed with this 
permanganate-tieated oxybiotm solution was used as the reference stan- 
daid This treatment of oxybiotm with peimanganate resulted m a 10 
per cent loss m activity ^ When a solution of oxybiotm w'as added to the 

•More extensive experience with this differential assay (5) has demonstrated 
that the acid employed markedly influences the stability of oxybiotm tow ards potas 
Slum permanganate Whereas oxybiotm is only slightly inactivated in 0 1 n hydro 
chloric acid solution, it is completely inactivated whenO 1 x sulfuric acid is employed 
No explanation can be offered at the present time for this behavior of the oxybiotm 
molecule It is interesting to note, however, that the stability of oxybiotm m the 
presence of a jeast hydrolysate is independent of the acid employed in the prepara 
tion of the hydrolysate The same results were obtained when either hydrochloric 
acid or sulfuric acid w as used to hydrolyze the yeast cells and the hydrolj sate treated 
with potassium permanganate A 90 per cent recovery of the oxybiotm added to a 
sulfuric acid yeast hydrolysate was obtained following permanganate treatment 
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original yeast filtrate and the mixture tieated -mth pei-manganate, as 
described above, a 90 per cent recovery of the added oxybiotin n as obtained 
Added biotm vas completely destroyed imder these conditions 
In order to detennme the oxybiotin equivalency previous to pennan- 
ganate mactivation, 3 ml of the yeast filtrate i\ere treated as showm, vath 
the exception that the pennanganate and bisulfite additions veie omitted 

Table II 

Effect of Permanganate and Raney’s Nickel Catalyst upon Growth Activity of 
Hydrolysates Prepared from Saccharomyces cerevisiae Grown 
in Presence of Oxybiotin 


The values are given in millunicrograms 


Ox> biotin added to 

Oxybiotin equivalents in cells 

medium 

Before treatment* 

After permanganate 
treatment 

After Raney’s nickel 
treatment 

10 

8 0 

7 6 



9 1 

9 0 



6 8 

7 0 



7 3 

7 2 



9 6 


9 6 


7 5 


7 4 

60 

42 

38 



46 

43 



40 


37 


45 


45 

100 

85 

82 



80 

83 



86 


86 


82 

1 


75 


* Oxybiotin equivalents observed minus the oxybiotin equivalents furnished by 
the biotin present in the inoculum In separate experiments, it uas demonstrated 
that the biotin in the inoculum was completely inactivated by both permanganate 
and Raney’s mckel catalyst 

In this case the oxj’biotm equivalency was determined by reference to a 
non-potassium permanganate-treated oxybiotm standard 
The results obtamed are shonm in Table II It can be seen that the 
giowth activity present m cells of Saccharomyces cerevisiae giovn on oxy- 
biotm IS not significantly affected by permanganate treatment The 
absence of biotm m these cells is, therefore, demonstrated 
Raney’s Nickel Method— This differential assay procedure is desenbed 
in the precedmg paper (10) and is dependent upon the fact that treatment 
With Raney’s mckel, wlule vithoiit effect upon oxybiotin, conierts biotm 
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into desthiobiotin, winch is inactive foi Lactobacillus arabinosus dl- 
Oxybiotm is 50 per cent as actiie as <f-biotin for Lactobacillus aiabinosus 
The giowTh activity of the acid hydrolysates of Saccharomyces cereoisiae 
was determined by Lactobacillus arabinosus assay both before and after 
treatment with Raney’s nickel and vas expiessed as oxybiotm equivalents 
Since biotm is inactivated bj’' Raney’s nickel, any activity remainmg aftei 
such treatment must, perforce, be due to the oxybiotm piesent Biotm 
added to the acid hydiolysates was completely inactnated by tieatment 
vuth Raney’s nickel, while added oxybiotm v as unaffected. 

The results of these studies are likemse given m Table II Smce the 
growth activity of the extiacts from cells of Saccharomyces cerevisiae grown 
m the presence of ox 3 ’'biotin nas not affected by Raney's mckel catalyst, 
it can be concluded that these extracts do not contam any biotm On 
the othei hand, the giowth activity of extracts from cells gronm m the 
presence of biotm was completely mactivated by Rane}^’s mckel catalyst 
Diffeiential Growth Inhibition by y~(S,4-Ureylenecyclohexyl)-but2yric 
Acid — We have pieviously reported (11) that the activity of di-oxybiotm 
for Lactobacillus arabinosus can be completely mbibited by amoimts of 
Y-(3',4-ureyIenecyclohexyl)-but3’nc acid which have only a slight effect 
upon the actmty of equivalent amounts of d-biotm This selective in- 
hibition has been utilized as a basis foi the differential assay of biotm 
and oxj'biotm In the presence of 7-(3,4-ure3denecjmlohexyl)-butync 
acid the giondh-promotmg effect of mixtuies of biotm and oxybiotm is 
due only to the biotm present The decrease m activity observed vhen 
such mixtures are assayed m the piesence of the mhibitoi is therefoie due 
to the oxj^biotm content Complete grondh mhibition is mdicative of 
the absence of biotin m a suspected mixture 
Acid Itydrolysates of Saccharomyces cerevisiae cells grown m the piesence 
of 10, 50, oi 100 milhraiciogiams of oxybiotm veie adjusted to pH 6 8 
vnth sodium hj'droxide, filteied, and diluted to a concentration of approxi- 
mately 0 4 milhmiciogram of oxjRiotm equivalents per ml (determined 
b3 Lactobactllus arabinosus asba\ with an oxj’^biotm standard cm le) The 
activities of aliquots of these extiacts contammg fiom 0 5 to 2 0 raiUunicro- 
grams of oxybiotm eqimalents veie then deteimmed m the jnesence of 
150 T of Y-(3,4-ure3denecyclohexyl)-butync acid Complete inhibition 
of growth at all levels nas noted m the extracts prepared horn cells gronn 
on 50 or 100 mdlimicrograms of oxj-^biotm In these aliquots the oxybiotm 
equivalents furnished by the biotm m the inoculum nere below detectable 
limits The slight giondh activity remammg m the extracts fiom the 10 
milhmicrogram studies could be attributed to the biotm furnished by the 
inoculum which represents 10 per cent of the total groiv th-promotmg 
actmtj' of the extracts for Lactobacillus arabinosus 
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The inability of these extracts to suppoit the growth of Lactobacillus 
arabinosus in the piesence of ')-(3,4-ineylenecyclohex3’^l)-but>nc acid 
again demonstiates the absence of biotin 

DISCUSSION 

The balance expeiiments described in this paper demonstrate clearly 
that oxybiotm is not con veiled into biotin during the gronth of Saccharo- 
myces ccrevi'uac 130 These lesults aie in dnect contrast to those obtained 
by Rubin el al in identical experiments The data piesented bj'' these 
authoi’s indicate complete conversion of ox}'^biotin into biotin at a low 
level of added oxjdiiotin We can offer no explanation for this extreme 
variance in results The failuie of Rubin ct al to take mto account the 
biotm furmshed by the moculum would lead to an appaient iecovei 3 ’^ of 
approximately 120 pei cent m the 10 mdluniciogram balance studies 
This figure, however, falls far short of the 200 per cent recovery observed 
by these ivorkeis 

The analj'ses of yeast hydrol 3 ''sates b 3 '’ thiee distinct differential assa 3 ' 
methods have further demonstrated the absence of biotin m cells of 
Saccharomyces ccrcvisiae grow n on o'Q''biotm These results ai e in accoi d v ith 
those obtained in our balance expeiiments and confirm the voik of Hof- 
mann and Winmck (5) These data provide unequivocal proof for the 
absence of a measurable equihbnum state betveen biotm and oxybiotm 
m Saccharomyces cerevisiae 139 The biological activit 3 ’’ of oxybiotm 
for this 3 ''east is, therefore, an intrinsic propert 3 ’’ of the molecule 

SUMMARl AND CONCLUSIONS 

1 In balance experiments with Saccharomyces cerevisiae 139 giovn m 
the piesence of var 3 'ing amounts of dZ-ox 3 'biotin approximatel 3 ’’ 100 pei 
cent of the added oxybiotm was recovered 

2 Thiee independent diffeiential assay methods have been utilized 
to demonstrate the absence of biotm in cells of Saccharomyces cerevisiae 
grown on oxybiotm 

3 Saccharomyces ceievisiae 139 does not convert oxybiotm into biotm 
and the biological activity of oxybiotm, the oxygen analogue of biotm, 
IS an inherent property of the molecule 

We are indebted to Dr J P English of the -American Cyanamid Com- 
pany, Stamford, Connecticut, for a generous supply of t-( 3 , 4-ureylene- 
cyclohexyl)-butyiic acid The technical assistance of Mi==s Jean DeWood 3 
and Miss Margaietta Taylor is gratefull 3 ’ acknowledged 
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Tlie possible idle of protamines as intermediates m the enzymatic 
hydrolj'sis of pi oteins has held the interest of a number of im estigators 
since the discoveiy of these basic pol3T5eptides by Mieschei (1, 2) m the 
sperm of fish Tins class of polypeptides resembles genume protems quite 
closel}"^ A\ ith lespect to moleculai ueight (approximately 3000) and piesence 
of peptide hnkages connectmg the various amino acid residues, yet differs 
fiom piotems in that only a fen species of ammo acids are present Theie- 
foie piotamines nere thought to lend themselves admirably to the studj"^ 
of substiate specificity of proteolytic enzymes Moieover, it was felt 
that the stiiicture of protamines could be elucidated further by the use of 
proteolytic enzymes It n as with tlus m mind that Kossel and Matthen s 
(3) repoited that salmine and stuiin nere hydrolyzed by crude trjpsiii 
preparations but not by pepsin, and Waldschmidt-Leitz and Harteneck (4) 
reported that eiepsm did not utilize protamines as substrates These 
lesults indicate that piotammolytic activity is associated with the trypsm 
fraction of pancreatic extracts Waldschmidt-Leitz and conorkers (6, 6) 
reported the isolation of an enzyme which nas capable of hydrolyzing 
piotamines, though unable to act on protems Then findmgs led them to 
abandon then former h 3 pothesis that trypsm could spht protamines 
Northrop (7), however, was unable to separate protaminase from chymo- 
trypsm 

The isolation of crystalhne trypsm and chymotrjpsm by Northrop and 
Kunitz (8, 9) enabled Waldschmidt-Leitz and Akabori (10) to reinvestigate 
the action of piotemases on protammes and then degradation products 
Thus, Waldschmidt-Leitz and Alcabon compared then own proteinase 
preparation with the crystalhne enzyme preparation of Nortlnop and 
Kumtz (8, 11) and studied the effect of these enzjmes vath respect to the 
liberation of ammo mtrogen on casein, sturm, clupem, and clupean 
Their findmgs mdicate that the non-crj^stallme proteinase containe 
impurities and that clupean,’ the degradation product of clupem, is split 
more extensivelj'^ than the native protamme In 1935 Hotter, Kunitz, am 

* Present address, Department of Biochemistry, Umversity of Chicago 

’ Waldschmidt-Leitz and Kofranyi have charactenzed clupean as a split product 
of clupem It IS thought to contain three tnpeptides and two dipeptides (12) 

203 



204 


ACTION OF ENZYMES ON SALIUNE SULFATE 


Noithiop (13) lepeated the same experiments of Waldschmidt-Leitz and 
Akabou, hmitmg themselves to clupean and employing crystaUme tiypsm 
and chymotrypsin prepared by an improved method (14) which success- 
fully removed impurities present in earlier crystallme prepai ations These 
experiments largely confir-med Waldschmrdt-Lertz and Akabori’s data on 
clupean 

Furthermore, Werl (15), usmg a somevhat drfferent procedure for the 
preparatron of protammase, presented evrdence that proteinase action on 
protamines ceased at the clupean stage, but that protammase was capable 
of hydrolyzmg protammes as well as their decomposition products, such as 
clupean 

Smce the work of Holter, Kumtz, and Northrop deals only wrth the 
effect of rmproved crystalhne trypsm and chj'motrypsm on a protamrne 
degradatron product, le clupean, rt w'as thought worthwhile to present 


Table I 

Calculation of Purity of Authors' Preparation hy Comparison vnth Bloch and 

Bolling's Data 



Block and Bolling (16) 

Authors’ data 

Purity of authors' 
preparation 


ter cent 

per cent 

per cent 

Argimne i 

68 57 


78 0 

Kjeldahl N 

24 46 


81 60 


* Arginine determined after complete hydrolysis of salmine according to the method 
described in this paper, except that protammase was in excess 


m this papei data concerning the effect of improved crystallme enzyme 
preparations on a native protamine, namely salmine It should be pointed 
out that the results obtained with salmine are not chrecti}'- compaiable to 
those obtained vith clupem, smce these two protammes differ slightly as 
regards their digestion bj'' protammase Comparable data for the diges- 
tion of these protammes by pioteinascs are not available 

Determination of Pi oiaminolytic Activity 

Salmme sulfate (Eh Lilly and Company) vas used as substrate foi the 
protammolytic enzjrme The purity (SO per cent) of this salmme prepara- 
tion was calculated from its arginine and nitrogen content v ith Block and 
Bollmg’s (16) data foi comparison (Table I) 

Salmme sulfate can be hydiolyzed to its component ammo acids by 
lefluxmg 24 hours with dilute sulfuric acid Tins can also be accomplished 
enzymatically under certain conditions The method which w as formerly 
used for the determmation of the extent of protamrne hydrolysis consisted 
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in the measmement of the inciease in free ammo mtrogen Because a 
more specific method foi determination of piotammase activity v\ as desiied 
and because arginine constitutes G4 57 pei cent of salmine sulfate, the 
amount of free ‘iiginine hbeiated by piotammase was used as a ciitenon 
for protammolytic activut}'^ Thiee enz^^me-catalyzed leactions are in- 
voked m the anabdical procedure which ultimately juelds measurable 
carbon dioxide 


Salmine 


protaminase 

> arginine + other spnt-produeta 


( 1 ) 


, arginase 

Arginine »■ 


ormthine + urea 


( 2 ) 


Urea 


urease 


CO. + NHj 


(3) 


The specificity of tins method might be mfluenced by the presence of 
substrates other than aiginine to yield urea and ornithine However, 
such mterferenco seems unhkely in vuew' of the findings of Waldschmidt- 
Leitz and Kofranyi (12) that argmase did not affect any of the protamine 
digestion products, regardless of size, except fiee arguune Furthermoie, 
it lias been shown that a number of deriv^atnes of arginine, as well as 
several aiginme-hke compounds, are not hydrolyzed bj’- argmase The 
following examples may be cited DL-e-guamdo-or-ammocaproic acid (17), 
r-guamdobutyric acid (18-20) 5-guamdovalenc acid (21), arginimc acid 
(21), Q:,N-methylaigimne (22), a,N-benzoylargimne (18, 23), and aigimn- 
amide (23) Contrary to Waldschmidt-Leitz and Kofranja (12), Edl- 
bachei and Burchaid (24) have repoited the sphttmg of a degradation 
product of clupem, isolated by Kossel and Staudt (25) and identified as 
argmylargmme, by an argmase preparation free of dipeptidase activitj’- 
The preparation of Kossel and Staudt probably contamed impurities which 
were eliminated m methods developed later for the isolation of arginyl- 
argimne, m wluch either acid hydrolysis (24^26) or tryptic digestion (27) 
of clupean was used The work of Edlbacher and Burchard (24) was 
confirmed recently by Felix and Schuberth (28) wdio used well defined and 
carefully analyzed preparations of arginylaigimne Since m the expen- 
ments to be reported no urea formation could be observ ed w'hen trj^isin, 
chymotrypsm, or pepsm was added to sahnme, this protamine appears to 
behave m a manner similar to that described bj'' Waldschmidt-Leitz and 
Kofranyi (12) for clupem, whose proteolj'^tic digestion products are not 
hydrolyzed by arginase 

The formation of argmylargmme in the course of the hydrolysis of prota- 
mme by protammase could conceiv’^abl 3 '' produce misleadmg results m the 
method here reported But the formation of argmjdargimne under these 
conditions appears quite unlikely, smce, accordmg to aldschnudt-Leitz 
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and Kofianyi (12), jiiotaminase pioduces only free argmine from clupein, 
as IS evidenced by the isolation of aigmine flavianate 

The determination of protammolytic activity is earned out as follows 
50 mg of salmme sulfate (80 per cent puie) tv eie dissolved in 4 ml of 0 3m 
phosphate buftei , pH 7 7, and the enzyme solution contammg protammase 
was added m suitable concentiation The final volume was made up to 10 
ml Tvnth watei and the solution incubated at 37° for 24 hours At the end 
of the mcubation period the solution was heated to 100° m a water bath for 
15 minutes and the coagulated piotems centrifuged off and discaided 
5 ml of the supernatant were added to 1 ml of aiginase solution (prepaied 
accoi dmg to Richards and HeUerman (29)), after addition of 4 ml of 0 3 m 
phosphate buffer, pH 7 7 This solution vv'as meubated 5 houis at 37° 
and then was heated to 100° m a water bath for 15 mmutes After centrif- 
ugation, the urea formed due to arginase action was estimated manometri- 
cally Tvuth urease, 10 mg m each vessel (Squibb commercial prepaiation), in 
Warburg manometers and vessels Theoretical amounts of aiginme 
could be recovered when argmme was hydrolyzed with aiginase and urea 
determmed manometricall}' Previous investigators have desciibed the 
manometric determination of uiea, eg ICrebs and Henseleit (30), and a 
manometnc assay of arginase activity has been leported (31) 

It IS essential foi the success of the method outhned m the piecedmg 
paragiaphs that argmase and urease are present m excess, so that reaction 
(1) is the limiting factor m this senes of reactions Fuitheimore it was 
necessaiy to ascertain that aiginase and urease were devmid of any pro- 
tammol 3 dic activity This vv as found to be true here 

Effect of Proteolytic Enzymes on Salmme Sulfate 

Three crystalhne pioteolytic enzymes weie im estigated, namely trypsin 
(32), chymotiypsm (32), and pepsm (33) Tr 5 q)tic and chymotrjqitic 
digestions were earned out at pH 7 7, tv hereas peptic digestion Tv^as carried 
out at pH 2 0 The proteolytic activities were deteimined by the method 
of Anson (34) Ammo mtrogen was deteimined according to the gaso- 
metiic Van Slyke method 

It was found that tr 3 q)sin and ch 3 moti 3 'psm were capable of hydrolyzing 
salmme and that in the process of hydrob’^sis one-half of the total ammo 
mtrogen w^as hberated (Table II) These values aie slightly lower (about 
10 per cent) than those obtamed bj'- Waldsclimidt-Leitz and Akaboii (10) 
foi the digestion of clupem by trjqism (wath the older method of prepara- 
tion (8)) On the other hand, the amount of ammo mtrogen hberated by 
chimotrjTsm is appioximately 10 per cent higher tlian the rvalues obtained 
by Waldschmidt-Leitz and Akabon (10) with less pure chjmotrypsin 
preparations (11) and clupem as substrate Pepsm, how^ever, did not 
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affect salmme sulfate None of the above pioteolytic reaction products 
Mas susceptible to aiginasc action, indicating the absence of free aigmine, 
or possibl}’’ argmylaiginme These results seem to be in disagi cement 
Muth those of Felix et al (27) M'ho have repoited the isolation of argm}"!- 
aigmme from tivptic digests of clupein methyl estei h 3 rdrochloride Tins 


Table II 

Liheralton of Ammo Nitrogen upon Digestion of Salmme Sulfate by 
Proteolytic Enzymes 



ml Enzyme solution 

Fig 1 Determination of protaminase The CO 2 values represent the total amount 
liberated upon digestion of 50 mg of salmme sulfate according to the procedure 
described in the text Protaminase solution, 0 38 mg of protein per ml 

discrepancy may be due to the contammation of their rather emde trj p 
sm preparation by piotammase 

A commeicial trypsm preparation (Wilson and Company) vas used as a 
SiOuice of piotammase This povdei was extiacted Math 0 25 n HcSO^ anc 
yielded protaminase actnity vluch may be measured as shovn in Fig 1 

The data presented m Fig 1 mdicated that proteobdic en/ymes were 
capable of using salmme sulfate as a substrate, but that thex Mere una 1 1 
to hydrolj''ze salmme completelj', since onlj’’ one-half of the ammo nitrOr,cn 
(calculated from the argmme content) Mas liberated 
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It appears possible that the action of proteolytic enzymes on sahnine 
precedes that of protammase, so that protaimnase would act only upon 
the proteol 3 ’-tic degradation product of salmme Such a possibility seems 
mdicated by the fact that proteolytic enzjnnes and protammase are closely 
associated and difficult to separate 

Separation of Proteolytic and Protaminohjtic Activity 

An attempt was made to separate protammase fiom the protemases 
and peptidases by a Amnetj’’ of procedures (1) Fractionations with 
(NH4)2S04 or alcohol were unsuccessful (2) Removal of peptidases with 
alumina C gel at pH 3 8 and 7 0 was performed Then adsorption with 
alumina A of piotammase w as attempted but w^as unsuccessful Weil (15) 
stated that he W'as able to separate protammolytic and proteolytic activity 
bj’’ this means (3) Lastly adsorption of protemases on egg albumin and 
subsequent piecipitation with acetone did not separate protanunase from 
the protemases as reported by Waldschmidt-Leitz and Kofranyi (6) 

The cntena for separation employed heie differ somewhat from those 
previously used Protammolytic activity was determmed by the method 
described above, wffiereas proteotytic activity was determmed by the 
method of Anson (34) The difference betw’een the results obtamed may 
be due to the higher specificity of the methods used here or, perhaps, to 
the difference m substrate employed in the measurements of proteolytic 
activity 


SUMMARY 

1 A method for the measurement of protammase activity is presented 

2 Crystallme trypsin and crystalhne chjmotrypsm hj'diolyzed sahnine 
sulfate and hberated one-half of the aigmme ammo nitrogen Crystalline 
pepsm caused no hydrolysis 

3 None of the proteolytic enzymes was capable of complete h 3 ’’drolysis 
of salmme sulfate to free argmme 

4 Protammase was found to ^neld free aigmme from salmme 

5 The failure to separate protammoljdiic from proteolytic activity has 
been reported 

The authors are gieatly indebted to Dr E S Guzman Barron for the 
pnvilege of wmrkmg in Ins laboratorj'- and for his helpful advice and en- 
couragement We Avould also like to express our thanks to Dr Moses 
Kiimtz foi a gift of crj^stalline trypsin and to Eh Lilly and Company for 
their donation of the salmme sulfate 
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Staphisine, atisme, and napelline, members of the less toxic gioup of the 
acomte alkaloids, have been shown to yield phenanthiene hydiocarbons 
on selemum dehj di ogenation (1^) The hydiocarbon C 19 H 20 obtained 
along with pimanthiene and othei hydrocaibons from staphisine, must 
represent a large fragment of the onginal molecule based either on the 
monomolecular 01 dimoleculai foimulas of the alkaloid pieviousl}’' dis- 
cussed (1) Its identification has therefore been of special interest Ox- 
idative studies (4) have alreadj'’ suggested that the substance could be a 
dimethyhsopropylplienanthrene, the possible structures of which were 
limited to three 




Synthetic studies have now fuimshed connncing evidence that it i'? one 
of these, namely, 1 ,3-dnnethyl-7'isopiopylph€nanthicne {S-melhylretcne) 
(Formula I) The hjrdiocarbon obtained fiom the alkaloid as well as its 
picrate and tnmtrobenzene denvative haxe appeared indistinguishable from 
the synthetic substances 

The synthesis of 1 ,3-dimethyl-7-isopiopyIphenanthrene has followed 
closely the plan used by Haworth and Bolam for the preparation of 1 ,3,7- 
tnmethylphenanthiene (5) The imtial step for this purpose was the 
substitution of 2-isopropylnaphthalene for 2-methx''lnaphthalene for con- 
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densation \nth methylsuccinic anhydnde and aluminum chlonde to j leld 
3~(6-tsopropyl-2-nap]Uhoyl)isobuiync acid (Formula II) The methyl ester 
of this acid with methylmagnesium iodide and the accompanying loss of 
HoO and sapomfication gave 1 ,8-dt77iethyl-S~(6-isopropyl-3-naphthyl)A^- 
hxitenoic acid (Foimula III) Since the succeeding steps which finally 
resulted in the desired phenanthrene derivative exactly paralleled the 
synthesis descnbed by Haworth and Bolam, and because of limited ma- 
tenal, no attempt was made to punfy the intermediate substances for 
charactenzation These steps and the procedures used were as follows 

Reduction of the above butenoic acid with hydnodic acid and phosphorus 
gave 1 ,S-dimethyl-3-(6-isopropyl-S-naphthyl)biitync aad The crude acid 
isolated was directly cyclized vith H2SO4 to the ketone 4-oxo-l ,3-dimethyl- 
7-isopropyl-l ,8,3 ,4-tetrahydrophenanthrene (Formula IV) The crude 
ketone on Clemmensen reduction yielded 1 ,3-dimethyl-7-isopropyl~l ,2,3,/r 
tetrahydrophenanthrene The lattei, also without punfication, was de- 
hydrogenated vuth selenium to 1 ,3-dimetliyl-7 -isopropylphcna'^thi ene 
For further charactenzation of the hydrocarbon and companson with the 
substances obtamed from staphisme, its picrate and txinitrobensenc de- 
nvatwe were prepared 

As a check on the position occupied by the raethylsuccinoyl group in the 
above 2-(6-isopiopyl-2-naphthoyl)isobutync acid, it was shown that the 
latter on oxidation with potassium ferncyamde yielded an acid ivhicli ap- 
pi cached in properties the 6-isopropyl'2-naphthoic acid (Formula V) 
descnbed by Haworth (6) This was confiimed by condensation of 2- 
isopropylnaphthalene with propionyl chloride to form ethyl-{6-isopropyl- 
2-naphlhyl) Ketone, smce the latter on subsequent oxidation vuth hypochlo- 
rite also yielded the same 6-isopropyl-2-naphthoic acid 

The identification of the CjgHoo hydrocarbon from staphisme as 1,3- 
dimethyl-7-isopropylphenanthrene gives additional support, at least as far 
as the 1-methyl and 7-isopropyl groups are concerned, to the suggested 
general diterpenoid nature of this alkaloid, and therefore of other aconite 
alkaloids As we shall report elsewhere, evidence has been obtamed that 
pimanthrene, as m the case of staphisme, is a product of the dehydrogen- 
ation of hetisme The ongin of the 3-methyl group in the C10H20 hydro- 
carbon from staphisme, however, reqmies an explanation and will be a 
subject for further study A diterpenoid structure could account for 20 
carbon atoms of the alkaloid The group which appears in the N-alkyl 
determination has been definitely identified as methyP If the simple 
monomolecular alkaloid possesses only these carbon atoms, it vould be a 

1 The so called N-alkjl groups present in the Acontlum alkaloids which we haie 
been able to studj as in the case of aconitine are N-ethyl groups This will be dc 
scnbed elsenhere 
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C21 demative and tlic dinioleculai alkaloid iiould lequire a C« formula 
•Is a mattBi of fact, the analjdiical data alieady presented for staphisine (1) 
are essentiallj'' as satisfactory for a C42H60ON2 formula derived by loss of 
H2O between tvo C2iH3iON alkaloid molecules (Table I) A C42H68ON2 
formula is also a possibibty, in which case a carbon to carbon bond between 
non-identical moieties could be present If this bond is shared by the 3 - 
phenanthrene carbon atom of one of the moieties, the 3 -methjd group 
above might have its origin in a carbon atom of the second half As another 
possibility, if the N atom of the raonomolecular alkaloid is attached in the 
environment of carbon atom 3 , a rearrangement of its N-methvl group to 


Table I 

Staphistne and Derivatives 


I 

Substance 

Calculated on basis of 

Found 

OiHaoONj 

1 

CiJIhONs j 

1 CnHioON j 

C 

H 

c 

H 

C i 

H 


H 

Staphisine 

82 83i 

9 94 

1 

83 38 

9 34 

83 48 

9 56 

82 36 

9 47 








82 62 

9 73 








82 85 

9 77 

“ dihydrochlonde 

73 96 

9 17 

74 40 

8 63 

74 85 

8 86 

73 84 

9 08 








73 70 

8 94 








74 37 

9 04 

“ dihydrobromide 

65 43 

8 11 

65 77 

7 63 

66 47 

7 87 

64 95 

7 92 








64 97 

7 84 

“ monomethiodide 

68 76 

8 46 

69 13 

7 97 

69 73 

8 20 

68 60 

8 34 

“ dimethiodide 

59 17 

7 45 

59 44 

7 03 

60 24 

7 26 

58 98 

7 41 








58 40 

7 29 

Tetrahydrostaphisine 

82 28 

10 53 

82 83 

9 94 

82 95 

10 13 

82 50 

10 08 








82 19 

10 08 


The calculated % alues for C4 HssON: are obvious by interpolation 


this carbon atom could afford an explanation for the formation of a 3 - 
niethylphenanthrene denvative on dehydiogenation The Cu and C22 
formulas which were originally suggested from the anal3'tical data, but 
tihich are now less probable, nould have permitted as an explanation for 
the formation of 3 -methylietene the presence of the extra meth}^ gioup in 
the same position m the onginal C22 alkaloid But this would require a 
departure from the usual diterpenoid structures Studies are now in 
progress to estabhsh, among other things, the correct formulations of t is 
and related alkaloids 

Parallel with the above work, studies ha^e continued to determine aho 
the identity of the previously recorded oxidation product of the Ci<iH2o 














214 


ACONITE ALKALOIDS XVI 


hydrocarbon obtained through the mteiinediate quinone, and which was 
tentatively interpreted as a “hydroxyisopropylphthahc acid, CuHkOs” 
(Formula VI) l,2-Dimethyl-4-isopiopylbenzene (7) was oxidized with 
peimanganate to 4-hydi oryisopropylphtJiahc acid (Foimula VI) As a 
check on its identity, the same acid was obtained also by oxidation of 2- 
aceto-l-methyI-4-isopropylbenzene (8) and by oxidation of 2-methyI-4- 
isopropylbenzoic acid (9) Its phthahc acid character was confirmed by 
the condensation of its dtmclhyl csiei wuth hydrazine to the phthalazine 
derivative, 6-hydroxyisopropyl-l ,4.-dthydioxyphthalazine (Formula VII) 
The oxidation of the s'vmthetic acid wuth nitnc acid to tnmelhtic acid w'as 
in accoid wnth a 4 position foi the hydroxyisopropyl side chain 
The sjmthetic CuHuOb acid appeared definitely different in pioperties 
from the acid from staphisme Although the meltmg points of the tw'o 
substances were sinnlai (168-170°), a mixture showed some depiession 
(163-165°) The alkaloid acid, after melting, resohdified wnth transfoi- 

OH 

HjC 
CHj-C 
HO 

VI VII 



HjC 

CHs- 

ni 


COOH 

COOH 


COOH COOH 



vni IX. X 


mation to high melting crystalline matenal (290°), while the synthetic acid 
after melting gave no evidence of the formation of such a substance It 
seemed rather to foim an ester type of polymer Although the absorption 
spectia of the sjmthetic acid and that from staphisme are not identical 
(Fig 1), theie is sufficient sumlanty to suggest a general relationship, if not 
the unhkely possibihtj that the natural acid may have been a mixtuie which 
contained some 4-hydroxyisopropylphthalic acid The exact identity of 
this substance is therefoie still undetermined and the very limited amount 
of matenal which has been available has prevented its furthei study 
Consideiation has also been given to the possibihty that the so called 
“C 11 H 12 O 6 acid” could have been a position isomer, since there are six 
possible hydroxj'isopropylbenzenedicarboxyhc acids Of these, four possess 
the hydroxjnsopropyl residue m a position ortho to a caiboxyl group and 
should not be sufficiently stable for isolation because of spontaneous 
lactonization Hence the “CnHuOe acid” should not be one of these acids 
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\ clieck, lioB ever, on sucli e\pected lactomzation v^as made b}"- the sjmthesis 
and stud}’- of the behavioi m the case of S-hydroxyisop) opylphthahc acid 
As expected, this substance could be isolated only as its coiiespondmg 
plilhalide, S ,3-dimethyl-7-ca)boxyphthabde (Foimula VIII) The latter 
vas sjmthe^ized by pennanganate oxidation of 1 ,2-dimelhylS-hydi oxyiso- 
propylbcjKeue, vliicli vas piepaied by the leaction of the magnesium 
compound fi om 1 , 2-dmiethj 1-3-bi omobenzene \ntli acetone The lactone 
of h3dioxyisopiop3lterephthalic acid (Formula IX) has alieady been 
studied by Cannizzaio and Gucci (10), vho found that the dibasic acid 
itself c 111 exist only m the form of salts m alkaline sHiition 



Fig 1 •, 5-hydro\yisopropyhsophthahc acid, +, 4-hydroxyiBopropylphthahc 
acid, O, “CiiHisOs acid” from staphiBine 

A hydrox 3 Usopropyldicarboxyhc acid which can exist as such is S-hy- 
droxyisopropyhsophthahc acid (Formula X) This substance was pre- 
pared by oxidation of 5-isopiopyhsophthahc acid It proved to be different 
from the so called “CuHiaOs acid” (m p 300-305°) Its absorption spec- 
trum is recorded in Fig 1 


EXPERIMENTAL 

2-{6~Isopropyl-2-naplithoyl)isobutyric Acid — ^A mixture of 30 gm of 2- 
isopropylnaphthalene (11) and 15 gm of meth 3 'lsuccinic anh 3 'dnde was 
added to a cold solution of 34 gm of aluminum chlonde m 130 cc of mtro- 
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The methyl ester melted at 68-69° (Haworth reported 69-70°) 

CuHie02 Calculated, C 78 90, H 7 07, found, C 78 90, H 7 09 

(6) From Elhyl-(6-methyl-2-naphlhyl) Ketone — 1 gm of the ketone was 
refluxed for 2 daj'-s -with a sodium hypochlonte solution which contained an 
equivalent of 1 gm of chlorine The sodium salt of V fomied a flocculent 
mass of fine ciystals as the oxidation proceeded After collection, it was 
decomposed uath acid and the liberated acid uas punfied as descnbed 
above 0 8 gm was obtained, which melted at 190-191° 

Found, C 78 48, H 6 62 

Ji-Hydi oxyisopi opylphthohc Acid — 1 gm of l,2-dimethyl-4-isopiopyl- 
lenzene, prepared according to Klages (7), was dissolved in a mixture of 7 
cc of pyndme and 2 cc of water The solution was stnied on the steam 
bath during the giadual addition (over 1 hour) of 5 gm of potassium pei- 
manganate After leduction of all the leagent, the pyndinc was removed 
with steam and the Mn02 v\ as filtered oft An additional 2 gm of perman- 
ganate v\eie then added and the oxidation was completed by heating foi 
anothei houi Excess leagent was destioyed noth sodium bisulfite Ihe 
hltiate u as treated vnth acid until onlj’- slightly basic and then concentrated 
Z7i vacuo to a few cc The concentiate was stiongly acidified and extracted 
1 epeatedly with ethei The exti act on concentration 3nelded a syi up vv hich 
crystalhzed fiom a small volume of a mixtuie of acetone and ethei The 
yield was 0 7 gm and the melting point 145-150° After tv\ o lecry'stalliza- 
tions from ethjd acetate-petiohc ethei mixtuie and three from vater, the 
melting point lemained constant at 168-170° after pieliminaiy softening 
at 163° When heated further, no lesohdilicatiou was noted The acid 
from the staphisme hydrocaibon melted at 170°, but on laising the teni- 
peiatuie ciystalhzation occuired with subsequent melting at 290-294° (4) 
The melting point of a mixtui e of the synthetic acid w ith the latter w as 
162-165° and a small amount of the 290° melting matenal appeared in the 
melt 

CuHiiOs Calculated, C 58 90, H 5 40^ found, C 58 70, H 5 37 

The same acid was produced in comparable jnelds by the similai oxidation 
of 2-aceto-l-methyl-4-isopiopylbenzene (8) and l-methyl-4-isopropvlben- 

zoic acid'^ (9), melting point 168-170° 

Found, C 58 48, H 5 03 

0 5 gm of 4-hydiox'yisopropylphthalic acid, when heated in a subhma- 
tion apparatus melted at 170° with immediate evolution of watei The 
bath temperature was slowly raised to 200° An appreciable amount of 

» The latter substance was kindly supplied uBbv Dr C T Lester, Emory Univer- 
sity 
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substance sublimed only i\hen the pressure was reduced to 0 05 mm and 
the temperature was raised to 250° 80 mg of a resm -nere collected 

When the tempeiature nas raised to 310°, about 20 mg of additional ma- 
tenal i\ere distilled The major portion of the substance remained undis- 
tilled as an amber vitreous residue 

Dehydration was also attempted bj”- refluxing the phthahc acid mth acetic 
anhydnde, but again none of the substance with a meltmg point of 290° 
obtained from the alkaloid acid could be isolated 

6-Hydroxytsopropyl-l ,/i-dihydroxypliilmlanne — The methyl ester v as pre- 
pared from 0 2 gm of 4-hydio\yisopropylphthahc acid vith diazomethane 
The Oil obtained was heated at 100° ivith 0 2 gm of hydrazine hydrate and 

0 5 CO of ethanol for 5 horns The leaction pioduct was dissolved in a 
small amount of water and carefully acidified vath acetic acid Tvo le- 
crystalhzations from ethanol yielded 0 1 gm of fine needles, m p 220-225° 

CnHijOjNj Calculated C 59 97, H 5 50, N 12 73 
Found “ 60 08, “ 5 46, “ 12 86 

Tnmelhiic Acid from 4-HydroxyisopropylpJithalic Acid — 0 1 gm of 4- 
hydroxyisopropylphthahc acid was heated on the steam bath vith 2 cc 
of HNOa (sp gr 1 5) and a drop of 50 per cent manganous mtrate solution 
and then evaporated to dryness The residue was collected mth HNOs 
and recrystalhzed twice from water Because of its solubihty in HaO, 
only 10 mg of the recrystaUized acid resulted It melted at 220-235° An 
authentic sample of tnmelhtic acid melted at 220-235° and a nuxture of the 
two substances showed no depression 

1 .2- Dimethyl-3-hydroxyisopropyU)enzene — To a solution of the Gngnaid 
reagent prepared fiom 11 5 gm of l,2-dimethyl-3-biomobenzene (12) and 

1 5 gm of magnesium, 5 5 cc of acetone in 25 cc of ethei were graduallj’’ 
added After standing overnight, the mixture was decomposed vuth dilute 
HCl and the ether removed 9 gm of an oil lesulted, v Inch partially crj's- 
talhzed after standing at 0° After two recr 3 '-stalhzations from petroleum 
ether, the yield of the carbinol was 1 gm and the m p 67-68° 

CuHmO Calculated C SO 43, H 9 82 
Found “ 80 35, “ 9 62 

5 .3- Dimeihyl-7-carhoxyphtIialide — 016 gm of l,2-dimeth3l-3-hjdro\j- 
isopropylbenzene was oxidized wuth 0 65 gm of permanganate, as descnbed 
above for 1 , 2-dimeth3’'l-4-isopropyIbenzene When the alkaline filtrate 
from the reaction mixtuie w as acidified, an immediate cr 3 '^stalhne precipitate 
appeared Aftei two lecrystalhzations from water, 50 mg of substance 
w ere obtained which melted at 187—188° 

CiiHioOi Calculated, C 64 05, H 4 89, found, C 63 77, H 4 SO 
Neutralization equivalent Calculated, 206, found, 212 
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3 gm of a-naphthyldimethylcarbinol (13) were oxidized M-itli 14 5 gm of 
parmanganate 0 5 gm of a crude acid was obtained, winch melted at 
120-135° After four recrystalhzations from an ethyl acetate-petroleum 
ethei mixture, the meltmg point was gradually raised to 188-189° and, 
when mixed wuth the above substance, showed no depression 
6-Hydroxyisopropylisoph(haltc Acid — 0 5 gm of 5-isopropyhsophthahc 
acid, prepared accordmg to Doebner (14), w as S]milarl 3 ’' oxidized with 0 0 
gm of permanganate 100 mg of a cmde acid resulted, from w hich 60 mg 
of product were obtamed after two recr} staUizations from w ater, m p 300- 
305° 

CiiHiiOs Calculated, C 58 90, H 5 40, found, C 58 70, H 5 30 
Neutralization eqmvalent Calculated, 112, found, 113 


SmiMABY 

The hj'drocarbon C19H20 premously obtamed on dehydrogenation of 
staphisme has been identified as l, 3 -dimeth 5 d- 7 -isopropyIphenanthrene, 
and suggests the possible diteipenoid character of the ongmal molecule 
The formulation of staphisme has been revised to the possible dimolec- 
ular formula CuHeoOISrj, which can be composed of two diterpenoid C20 
bases which contam m addition N-methjd groups 

The results of synthetic studies contradict the mterpretation ongmallj 
suggested for the “hydroxyisopiopjdphthalic acid, CuHisOs,” which had 
been obtamed on oxidation of this CisHjo hjdiocarbon from staphisme 

All mici oanab ses w ere perfoimed bv Ml D Rigakos of thu? laborator\ 

BIBLIOGRAPin 

1 Jacobs, W A , and Craig, L C , / Biol Chein , 141, 67 (1941) 

2 Jacobs, W A , and Craig, L C , J Biol Chem , 143, 589 (1942) 

3 Craig, L C , and Jacobs, W A , / Biol Chem , 143, 611 (1942) 

4 Craig, L C , and Jacobs, W A , / Biol Chem , 162 , 645 (1944) 

5 Haworth, R D , and Bolam, F jM , J Chem Soc , 2248 (1932) 

6 Haworth, R D , i7 Chem Soc , 2717 (1932) 

7 Klages, A , Ber chem Ges , 40, 2376 (1907) . 

8 Organic sjntheses, New York, coll 2, 3 (1943) 

9 Lester, C T , and Bailej , C F , J Am Chem Soc , 68 , 375 (1946) 

10 Canmzzaro, S , and Gucci, A , Gazz chim rial , 31, pt 1, 310 (1901) 

11 Haworth, R D , Letskj, B M , and Mavin, C R , J Chem Soc , 1784 (1932) 

12 Auwers, K , Ann Chem , 419, 1161 (1919) 

13 Herzenberg, J , and Winterfeld, E , Bee chem Ges , 64, 1043 (1931) 

14 Doebner, O , Bee chem Ges , 24, 1746 (1891) 



LETTERS TO THE EDITORS 


THE ISOLATION OF A®-ETIOCHOLENOL-3(a)-ONE-17 
FROM HUMAN URINE 


Sirs 

The isolation from urme of normal and of diseased mdmduals of tno 
steroids contammg an oxygen atom at the 11 position, namelj'’, androstane- 
diol-3(a),ll(/3)-one-17 (I) and etiocholanol-3(a)-dione-ll,17 (II), has 
been previously reported * 

We have recently isolated A®-etiocholenol-3(a)-one-17 (HI) fiom the 
neutral ketomc fraction of acid-hydrolyzed urme of a patient with cancer 
of the breast Its piesence has been established also m the urme of certam 
patients with cancer of the prostate, lymphatic leucemia, essential hj^per- 
tension, and Cushmg’s S 3 mdrome It has not been detected m the mdivid- 
ual urme collections of twelve normal men and eight normal women, nor 
m large pools of urine from both sexes It was piesent m the urme of one 
woman, aged 76 years, and of one man, aged 72 years, both of whom were 
appaiently m good health 

This compound after several lecrystalhzations from acetone melted at 
169-170°, [a]“ = +151° ± 4 5° (2 25 mg m 2 00 ml of acetone) "UTien 
mixed with an authentic sample of A®-etiocholenol-3(a)-one-l/, obtamed 
m the degradation of etiocholanol-3(a)-dione-ll,17^ (m p 171 , corrected, 
[q;]j, = +155° ± 2° (acetone)), the mixture melted at 168-170° The 
two samples exhibited identical mfra-red absorption spectra When the 
compound isolated from urme vas treated with pei benzoic acid m chloro- 
form solution at 0° foi 48 hours, an epoxide was obtamed vhich melted 
at 177-178 5°, Ho’ = +119° ± 13° (151 mg m 2 00 ml of ethanol), 
and which was identical with the epoxide prepared m a similar fashion from 
the synthetic sample (mp 175-177°, [q:]d^ = +123 ± 65 (3 08 mg m 
2 00 ml of ethanol)) The meltmg pomt of a mixture of these tv o epoxides 
showed no depression and their mfra-red absorption spectra v ere identical 

1 Mason, H L , and Kepler, E J , J Biol Chem , 161, 235 (1945) Lieberman, 
S , and Dobriner, K , J Biol Chem , 166, 773 (1946) 

= Sarett, L H , J- Biol Chem , 162, 619 (1946) 
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, The A®-etiocholenol-3(a)-one-17 is probably produced from etiocholane- 
diol-3(a),ll(/3)-one-17 (IV) by dehydration during the acid hydrolysis of 
the uime, smce it is known that the 11-^-hydioxyl group is removed easily 
by tieatment mth acids ® An attempt is under way to isolate IV 
It IS to be noted that except m two mstances A®-etiocholenol-3(a)-one-17 
has been obtamed only fi om the unne of individuals vuth disease Vdiereas 
androsfanedioI'3(a) ,ll(/3)-one-17 is a normal metabolite, its diastereo- 
isomei, etiocholanoI-3(a) ,ll(/3)-one-17, the probable precursor of III, 
presumably is present pnncipally in the urme of mdmduals with disease 
This fact suggests that IV is a product of deranged metabohsm of adrenal 
cortical hormones or a metabolite of an abnormal piecursor 
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RESULTS OF ADMINISTRATION OP ANTERIOR PITUITARY 
ADRENOCORTICOTROPIC HORMONE TO A NORI^IAL 
HUMAN BEING 

Sirs 

We have administered antenor pituitary adrenocorticotropic hormone to 
a young woman mamtamed on a constant diet The hormone was m- 
jected subcutaneously m five equal portions between 7 30 a m and 11 30 
p m The total daily dose was 25 mg for 6 days, 50 mg for 6 days, and 
100 mg for II7 days Dunng the first and second penods the only signifi- 
cant change was m the excretion of cortm-hke substances, this excretion 
increased from an average control value of 0 180 to 0 255 and 0 387 mg 
pel day, respectively When 100 mg were administered daily, the cortm- 
hke substances excreted m the unne mcreased to 1 44 mg on the 10th day 
and the 17-ketosteroids excreted m the urme mcreased from an average 
control value of 4 8 to 15 5 mg on the 10th and 11th days The values 
for the 17-ketosteioids and cortm-hke substances excreted m the urme 
qmckly reverted to control levels after withdrawal of the hormone 
There were also a shghtly mcreased excretion of mtrogen, a decreased 
excretion of creatme, and a pronounced deciease m hemoglobm There 
were no demonstrable changes m the excretion of sodium, potassium, 
chloride, phosphorus, and creatmme Pregnanediol could not be demon- 
strated in the unne in the first part of the menstrual cycle, but it was present 
m the lattei part of the cycle The experimental penod did not differ from 
the control period m this respect There were no significant changes m 
the excretion of estiogens and gonadotropic hormone The content of 
sodium, potassium, chlonde, ascorbic acid, protem, non-protem mtrogen, 
and morganic phosphorus m the blood remamed essentially unchanged 
Changes m the lymphocyte count, carbon dioxide-combmmg power, and 
cholesterol were of questionable significance The electrophoretic pattern 
of the plasma remamed unchanged durmg the entire period of study, and 
there was no change m the alkahne phosphatase actmt3’’ 

Isolation of the urmarj'' steroids did not reveal anj’’ qualitative change m 
pattern Androsterone, etiocholan-3(a)-ol-17-one, pregnane-3 (a), 20(a) - 
diol, and cholesterol weie isolated from unne collected befoie and dunng 
administration of the hormone A small amount of a ketone meltmg be- 
tveen 238-240° was isolated from the control urme ((2 daj’’s) The hope 
that 11-hydroxyandrosterone, as a metabohte of adrenal steroids, vould 
appear or be mcreased m the urme durmg administration of the hormone 
was not reahzed 

The mcreased excretion of steroids m the urme is considered to be defi- 
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nite e\Tdence of stimulation of the adrenal cortex by the pitmtarj’' hor- 
mone The mcrease m the excretion of mtrogen dunng the last penod 
was probably significant, but was not great enough, m comparison with 
some of the control data, to be given much weight The sigmficance of 
the decrease m the excretion of creatme and of the decrease m hemoglobm 
IS not evident The latter condition is the opposite of what is encountered 
m cases of Cushmg’s sjmdrome, in which there is often a demonstrable 
hyperfunctionmg lesion of the adrenal cortex 
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ENZYMATIC HYDROLYSIS OF ACETYLDEHYDROALANINE 
Sirs 

Glycyidehydroalanme (glycyl-a-aminoacryhc acid) is rapidly hydrolyzed 
to glycme, ammonia, and pyruvic acid m aqueous extracts of all ammn.1 
tissues studied, m all species investigated ^ ^ Chloioacetyldehydro- 
alamne, on the other hand, is hydrolyzed Muth appreciable velocity m 
extracts only of kidney, hver, and pancreas In the case of both substrates, 
ammonia and pyiaivic acid appear m eqmvalent amounts ^ 

A still simpler representative of this class of compounds, namely acetylde- 
hydroalanme (N-acetyl-a-ammoacryhc acid), is hydrolyzed m aqueous 


Ammonia and Pyruvnc Acid Derived from Acelyldehydroalanine in Aqueous Extracts of 

Rat Tissues* 


Tissvet 

Ammomat 

1 

fyiuvic aad} 

Molar ratio of ammonia 
to pyruvic acid 

Kidney 

178 

1278 

0 9 

Liver 

64 

462 

0 9 


* The digests consisted in 1 co of aqueous extract equivalent to 333 mg of tissue 
plus 2 CO of 0 2 M borate buffer at pH 8 15, plus 1 cc of either water or 0 025 ii peptide 
The peptide solution ivas neutralized with dilute NaOH before use and was stable 
for many weeks The imtial and final pH of the digests was close to 8 0 Tissue 
extracts were dialyzed 4 hours against distilled water at 5° before use The incuba- 
tion period was 4 hours at 37° Values corrected for extract blanks Results 
negative with heated extracts 

t Extracts of spleen, brain, pancreas, and muscle showed little or no activity 

t In terms of micrograms Theory for ammonia 350, for pyruvic acid 2200 

extracts of rat kidney and hver (see the table) As m the case of the gly- 
cyl and chloroacetyl compounds, the nearly equivalent amounts of am- 
moma and pyruvic acid which appeal, combmed with the fact that gl3’^cme 
amide is spht veiy slowly and chloroacetaimde and acetamide not at all, 
indicate that the dehydiopep tides are hydrolyzed almost entirely at the 
peptide bond Under conditions whereby acetyldehj^droalamne is readily- 
hydrolyzed m kidney ex-tracts, acetyldehydrophenylalanme (N-acetyl-a- 
ammocmnamic acid) is not affected 

Acetyldehydroalanme m aqueous solution, like othei dehydropeptides, 
gives a characteristic absorption spectrum m the ultra-violet - When 

* Greenstein, J P , and Leuthardt, F M , J Nat Cancer Inst , 6, 209, 223, 249 
(1945), e, 197 (1946) 

* Carter, C E , and Greenstein, J P , J Nat Cancer Inst , 7, 51 
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dehydropeptidase activity of rat kidney extracts is measured spectro- 
photometncally by the rate of decrease m absorption of the digest at 2500 
A, and expressed m terms of mg X 10~^ of substrate spht per hour per mg 
of total N in the extract,^ the values for each of the substrates are, respec- 
tively, glycyldehydroalanme 820, chloroacetyldehydroalanme 53, and 
acetyldehydroalamne 13 Compared ivith their saturated analogues, the 
susceptibihty of the dehydropeptides to mtracellular hydrolysis is consider- 
able, and suggests that this class of unsaturated compounds maj’^ play an 
important i61e in certam phases of protem metabolism 
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THE VACCENIC ACID CONTENT OF VARIOUS FATS AND 

OILS* 


Stis 


Vaccenic acid (A-1 1 , 12-elaidic acid) has recently been leported by Boer, 
Jansen, and Kentie^ to possess growth-stimulating properties These 
authors found that the giowth late of rats was more rapid nhen butter 
fat Mas in the lation than when i ape-seed oil was used The addition of 
vaccenic acid to the lattei diet at a level of 0 1 per cent of the total lation 
caused the late of growth to approximate that of the animals fed buttei 
fat From this it m as concluded that this acid v'as one of the compounds in 
butter fat responsible foi its supenor nutritive value as compared with 
vegetable oils 


Fat 

Per cent vaccenic acid 

Bertram’ 

Grossfeld and Simmer* ^ 

Present study 

Butter fat 

0 01 

1 13-4 69 

0 50 -0 70 

Lard 

i 

0 20 

0 071-0 127 

Mutton fat 

0 96 


0 16 -0 195 

Margarine 

0 27 

1 49 


Beef fat 



0 16 -0 213 

Corn oil 



0 0 

Cottonseed oil 



0 0 

Soy bean oil 



0 0 

Coconut “ 



0 0 

Rat fat 




“ fed butter fat 



0 08 

“ “ corn oil 



0 0 

“ “ “ “ + vac- 




cenic acid 



Trace 


* These values Mere obtained by calculation froixi the iodine number after a lead 
soap separation 2 5 gm samples were used We have carried out similar anab scs, 
however, the results have always been high, especially in the case of the vegetable 
oils 

Smce the data m the liteiature on the occurrence of vaccenic acid are 
entirely restricted to fats of animal ongm, various animal fats and vegetable 
oils were analyzed for this compound according to the method of Bertram - 

* This work was aided by grants from the National Dairj' Council, Chicago, in 
behalf of the American Dairy Association, by the Evaporated JMiIk Association, 
Chicago, and the Wisconsin Alumni Research Foundation 

1 Boer, J , Jansen, B C P , and Kentie, A , Nature, IBS, 201 (1946) 

* Bertram, S H , Btochem Z , 197, 433 (192S) 

’ Grossfeld, J , and Simmer, A , Z Unlersuch LehcnsmtUcl, B9, 237 (1930) 

227 





228 


LETTERS TO THE EDITORS 


Bneflj’’ the method used consisted of separatmg the fatty acids obtained 
from a 500 gm sample of the oil by means of the lead soap procedure m 
order to remove most of the unsaturated acids othei than vaccemc The 
solid fraction v as conveided to the free acids, and most of the saturated 
acids veie then removed by use of the mercury salt separation After 
removal of the meicurj’', the vaccemc acid was recrj'stalhzed twice from 
acetone It melted at 34 5-36° (Bertram reports 39°) and had an lodme 
number of 83 2 (calculated 89 9) The results are given m the table to- 
gether with those reported by other mvestigators Also mcluded m the 
table are data secured on the pooled fat of rats fed a synthetic diet plus 
butter fat, as v ell as from rats fed a synthetic diet plus com oil and the latter 
diet plus vaccemc acid 

Because of solubihty influences of the soluble lead soaps and the possible 
occurrence of unsaturated acids other than vaccemc which might possess 
chenucal properties similar to the saturated acids, the results given are not 
necessarily quantitative Traces of vaccemc acid would piobahly escape 
detection by this procedure It is of mterest that the highest amounts of 
vaccemc acid have been found in fats obtamed from nimmants 
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Sirs 


OLEIC ACID AS A GROWTH FACTOR FOR VARIOUS 
LACTOBACILLI 


In a further investigation of the nutritional lequirements of the lactic 
acid bacteria, it v as noted that certain oiganisms failed to giov on a modi- 
fied Teple}'’ and Elvehjem medium ^ The modified medium contained no 
alamne oi noiited peptone, the sodium citiate vas leplaced vith sodium 
acetate and the medium supplemented w ith 10 y of inositol, 10 y of choline, 
2 7 of pimelic acid, 100 y of thymme, 10 y of thiamme, 11 y of p-ammo- 
benzoic acid, and 0 2 7 of pteroylglutamic acid pei 10 ml of medium 


Requirement of Various Laciohacilh for Sodium Olealc 
The results are expressed in ml of 0 1 n acid 


Organism 

Incubation 

period 

Basal + sodium 
oleate 

Basal + 75 mg yeast extract -f 
sodium oleate (y per 10 ml ) 

None 

100 Y per 
10 ml 

0 

« 

10 

SO 

100 

500 

4000 

L acidophilus, 332 

6 days 

1 0 

1 4 







1 

48 hrs 



2 8 

3 5 


9 7 

10 4 

10 2 

“ “ 832 

6 days 

1 0 

0 8 








75 hrs 



3 8 

5 6 


8 2 

7 2 

9 0 

“ plantarum, >940 

6 days 

1 1 

0 5 








71 hrs 



2 8 

3 7 

6 5 

8 0 

5 1 

0 3 

“ acidophilus, 4357 

6 days 

0 6 

0 4 








48 hrs 



3 4 

4 1 

G 3 

8 9 

10 2 

10 5 

“ leichmannn, 4797 

6 days 

0 7 

0 7 

1 







20 hrs 



1 9 

5 0 

9 2 

9 4 

3 2 

0 S 

“ acidophilus, 4355 

6 days 

0 6 

0 5 








48 hrs 



4 2 

5 1 

6 0 

7 1 

9 2 

8 0 

“ delbriickii, 9649 

6 days 

0 6 

0 5 








48 hrs 



5 5 

8 2 

9 9 

10 0 

10 8 

10 0 


When the medium was furthei fortified vith 75 mg pei tube of 3 east 
extract (Difco), slight giovth vas obtained on prolonged incubation On 
senal subculture the groutli of Lactobacillus l-eichmanmi and Lactobacillus 
delbrucLii decreased to maximum, mdicatmg that adaptation to the medium 
Mas talcing place With all other cultuies only the slight grouth noted 111 
the first transfei peisisted m the senal transplants The particular lot of 
yeast extract M'as chosen because of its content of strepogemn The 
amount of strepogenm present m 75 mg of the j^east extract Mas equii- 
alent to 13 tunes the amount necessary to produce half maxunum stimula- 

* Tepley, L J , and Eh'ehjein, C A , J Biol Chcm , 167, 303 (1943) 
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tion of Laciobacillus casei under the defined conditions of assaying for 
strepogenm " 

The addition of sodium oleate to the medium contammg yeast extiact 
allowed foi maximum giowth The results aie presented m the table 
The amount of sodium oleate necessary to produce maximum grow th vanes 
w ith each oiganism Lactdbaallus plantarum and Lactobacillus leiclmannii 
exhibited toxicity to mcreasmg amounts of sodium oleate 
To demonstiate the stunulatoiy nature of sodium oleate foi Lactobacillus 
leichmanmi, the assay must be read aftei an mcubation penod of from 16 
to 20 hours 

The vaiious lactobacilh hsted m the table can be successfully subcul- 
tuied on this medium 

Lederle Laboratories Division B L HuTcmNGS 

Amcncan Cyanamid Company E Bogqiano 

Pearl River, New York 

Received for publication, April 16, 1947 


• Sprince, H , and Woolley, D W , / Exp Med , 80 , 213 (1944) 


A FACTOR IN PLASMA WHICH ACCELERATES THE 
ACTIVATION OF PROTHROMBIN* 


Strs 


The e\planation for differences m activation rates^ betv een plasma pro- 
tlirombm and purified prothrombm fiactions is furnished by the discoverj’- 
of an acceleiatoi factor m plasma which, when mixed vath plasma pro- 
thrombm fractions, permits rapid activation of prothrombm by thrombo- 
plastin and calcium ions The accelerator is adsorbed on Mg(OH) 2 , is 
w at ei -soluble, is less soluble m concentiated (NH 4 ) 2 S 04 solution than pio- 
thiombm, and can be obtamed fiom bovme plasma after storage at 8° for 
18 days The factor is not fibnnolysm It is not one of the hypothetic 
piothiombms postulated by Quick * 

To obtain the acceleratoi, prothrombm Product 7 is first prepaied 
exactlv a"? described ® Next, at 0°, saturated (NH4)2S04 is added At 30 
per cent of satuiation the precipitate is discarded The supernatant fluid 
is bi ought to 40 pel cent of saturation The precipitate is washed several 
times with cold 40 pei cent satuiated (NH 4 ) 2 S 04 , dissolved, dialj’^zed against 
w atei , and di led fi om the frozen state To test the activit 5 ’^ of this f i action 
the two-stage method of piothrombm analysis was used Some representa- 
tive data aie presented (see the table) 


plasma fractions 

Minimum time for man 
mum thrombin formation 

Prothrombm 470314 

10 min 

Same -1- accelerator fraction 

3 “ 

Prothrombin 470324 

28 “ 

Same -f accelerator fraction 

7 “ 

Prothrombin 470325 

3 hrs 

Same -1- accelerator fraction 

10 min 


These facts provide direct evidence that changes m the actuation rate 
of prothrombm are a part of the physiological mechanism concerned m 
blood clotting Furtheimoie, vanations m acceleratoi concenti ation can 


* Aided by a grant from the National Institute of Health 

• Seegers, W H . Brinhhous, K M , Smith, H P , and Warner, E B , J Btol 


Chem , 126, 91 (1938) 

“ Quick, A J , Am J Physiol , 
^ Seegers, W H , Loomis, E C 
(1945) 

^ Warner, E D , Brinkhous, K 
(1936) 


140, 212 (1943) 

, and Vandenbelt, J M , Arch Biochem , 6, 85 
M , and Smith, H P , Am / Physiol , U4, 667 
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cause a senous error m the one-stag6 method® of analysis for prothromhm 
Later ue hope to discuss the relationship of our work to that of Fantl and 
Nance ® 
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^ Quick A J , Am Chn Path , 15, 560 (1945) 

® Fantl, P , and Nance, M , Nature, 168, 708 (1946) 


FIXATION OF CARBON DIOXIDE BY A PLANT OXALACETATE 

CARBOXYLASE^ 


Strs 

The piesence of an oxalacetate carboxylase in pai'slej’^ loot has been re- 
ported previously from this laboratory * The leaction catalyzed by this 
system has been found to be reveisible, since it fixes C '^02 into oxalacetate 
dunng the decaiboxjdation of the lattei m the piesence of NaHC^Os 

The enz 3 Tne vas prepared essentially as prenouslj’- reported* and com- 
pletelj’- freed from pjniivic carboxjdase by prolonged dialysis The piep- 
aration was lyophilized and made up to the desired stiength by dissohung 
in vater The decarbox-ylation leaction, measmed in 0 1 m acetate buffer, 
pH 5 0, m the piesence of 0 01 M MnCL, follows fiist order kmetics The 
difference between the first order rate constants, L (L = (2 303/0 log 
(Co/C)), observed with active and with heat-mactivated enzyme, dmded 
by mg of enzyme preparation, may be used as a measure of actmty Foi 
the enz3ntne employed m the experiments reported, L = 0 075 mm “* per 
mg 

The exchange expeiiments with oxalacetate were conducted by the pro- 
cedures recently descnbed ^ The imtial reaction mixture contamed 1 2 
X 10“** M phosphate buffer, pH 6 0, 10~® M MnCh, 4 25 X 10“- M oxalace- 
tate, 3 6 X 10“** M NaHCOa contaimng C*S and 180 mg of enzyme m a 
total volume of 10 ml The reaction was mcubated at 30° for 8 mmutes, 
at which time approximately half of the oxalacetate had been decarbox- 
ylated The activity of the /3-carboxyl carbon hberated by amhne citrate 
was at this time found to be 0 49 db 0 02 per cent of the activity of the 
NaHCOs of the medium at the end of the mcubation period The control 
run vnth the heat-mactivated enzjme shov ed no detectable fixation after 
30 mmutes mcubation 

The enzyme preparation used m these expeiiments contams a malic 
dehydrogenase active with tnphosphopyndme nucleotide This activit} 
can be demonstrated by measuimg the reduction of 2,6-dichloiophenoI 
mdophenol It can also be detected by measurmg the reduction of cj to- 
chrome c m the presence of cytochrome leductase and TPN In a tjpical 
experiment of the latter type, the reaction mixture imtiallj' contamed 3 7 
X 10“^ M glycylglycme, pH 7 4, 3 7 X 10“^ w IMnCL, 1 65 X 10 ® m TPN, 

* Aided in part by grants from the John and Mary R Markle F oundation and from 
the Dr Wallace C and Clara A Abbott Memorial Fund of the University of Chicago 

* Vennesland, B , and Felsher, R Z , Arch Biochem , 11, 279 (19-16) 

= Wood, H G , Vennesland, B , and Evans, E A , Jr , J Biol Chem , 169, 153 
(1945) Utter, M F , and Wood H G , J Biol Chem , 164, 455 (1946) 
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500 7 of cytochrome reductase, 4 59 X lO"® m cytochrome c, 5 5 X 10“* m 
L- malic acid, and 1 5 mg of enzjTne m a total \ olume of 1 35 ml At 
26°, the specific reaction rate constant for the first order reduction (per mg 
of enzyme used) nas 0 038 mm corrected for the control mthout malic 
acid 

In accordance nith expectations, the parsley root piepaiation nas found 
to be capable of fixmg CO* in the malate fraction iihen pj'nivate and 
malate were mcubated with There is no oxidation-reduction be- 

tween pyinivate and malate, smce the preparation contains no lactic de- 
hj^drogenase Fumaiase is likewise absent 

Tliese lesults suggest that the sjmthesis of the plant dicarboxjdic acids 
may occur by n ay of an mitral Wood-Weikman reaction, as has been found 
to be the case n ith bactena and animal tissues ® 
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Moulder, J W , Vennesland, B , and Evans, E A , Jr , J Biol Chem , 160, 305 
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THE PORPHYRIN PRODUCED BY DIPHTHERIA BACILLUS 
Sirs 

A M Pappenheimei , Ji , has lecently descnbed the effect of iron on 
toxin and poiphyim pioduciioii by Corynebaclenwn diphthenae ^ He 
assumed that the poiphynn pioduced by this orgamsm Mas hematopoi- 
plijum but lecogmzed the need foi final identification of the diphtheiial 
porphyrin by isolation analysis 

We liaA e isolated the poiphynn produced by the same stiain of oiganism 
groMii on the same medium In ethei its absorption maxima, as de- 
termined bj*^ a Haitiidge leversion spectioscope, aie at 622 5, 574 1, 528 9, 
and 496 9 (oidei of mtensity W > I > III > II) In 0 15 n HCl, the 
maxima Meie at 590 1 and 546 8 (II > I) The methyl estei of this poi- 
phj rm Mms readily soluble m chloroform and m benzene, and moderate!}' 
soluble m methyl alcohol and in anhj'dious ethei From tins last solvent, 
the ester crystallized m thick tnincated (oblate) needles mth a melting 
point of 155-157° and remelted at 181-182° Its spectral absorption curve 
deteimmed mth a Hilgei photoelectric spectrophotometei was identical 
with that of copropoiphyim I (a pure specimen of coproporphj'rm III Mas 
not available) The methyl ester yielded a coppei complex melting at 
218° and Mith absoiption maxima m chloroform at 563 and 526 (I > II) 
Chromatogi aphy of the methyl ester m benzene through CaCOs or aliimin i 
revealed that the matenal behaved as an entity except for tM o small zones 
at the top of the column These zones have not yet been identified 
These properties, especially the phenomenon of the double melting point 
leave little doubt that the porphjwm produced by Corynebactemm diph- 
Ihenae is mainly copioporphyrm III 
We have isolated yields as high as 4 mg of pure copropoiphyim III 
methyl estei per liter of diphtherial culture filtrate These filtiates con- 
stitute, theiefore, an important and hitherto unexploied source of copio- 
poiphyrm III, and details of a method Mhereby this material can be ob- 
tained as a by-pioduct m the large scale production of purified diphtherii 
toxoid M'lll be published shoitW 
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RULES FOR THE NOMENCLATURE OF THE NATURAL AMINO 
ACIDS AND RELATED SUBSTANCES 

The following lules are designed to eliminate the cuirent confusion m 
the nomenclatui e of the a-amino acids that arise from the hydrolysis of 
proteins, and of the compounds and deuvatives of these acids 

Rule 1 The configuiational lelationship of the asymmetric a-carbon 
atom of an ammo acid capable of optical isomensm should be mdicated by 
a symbol piefi\ed to the name, howeier, if a specific statement or the con- 
text makes it clear ivliich isomei is under consideration, the symbol may 
be omitted 

Examples Leucine may be named without prefix if the preparation mentioned is 
stated to be the optically active isomer derived from a protein source Leucine may 
be named wnthout prefix if the preparation mentioned is stated to be synthetic and not 
resolved and therefore the optically inactive mixture of isomers Leucine may be 
named ivithout prefix in a general statement that is true for either optical isomer or 
for any mixture of those 

Rule 2 Distinction betw een the stereoisomers of the ammo acids is made 
by a prefixed sniall capital letter d or l to denote the configurational familj' 
to w'hich the a-cai bon atom belongs The d and l are to be pronounced dee 
and ell, respectively, not dextro and levo An additional symbol to denote 
the diiection of the lotation (t c , a plus or a minus sign enclosed in paren- 
theses) IS not necessary 

Examples n-leucine, n valine, l phenylalamne, l threonine 

The optically mactive mixture or racemic compound of the stereoisomers 
is designated by the piefix dl - in small capital letlei s 

Examples DL-leucine, ni -valine, dl methionine 

Rule 3. Where confusion is possible betw'een the use of the capital letter 
prefix foi the configuiation of the a-carbon atom in ammo acid nomenclature 
and for that of the highest numbeied asymmetiic caibon atom m carbo- 
hj'diate nomenclatui e, a subscript is added to the capital letter prefix 
Where the piefix is used in the ammo acid sense, the subscript s is added, 
W'here the prefix is used m the carbohj'^diate sense, the subscript g is added 
These subscripts (low er-case roman letters) refer, respectn elj", to serine, the 
fundamental substance to w'hich ammo acids that bear structural resem- 
blance to the carbohydrates can be formally related, and to glj’’cenc alde- 
hyde, the fundamental substance to w^hich the configuration of the carbo- 
hydrates IS formally related 
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Examples L,-tlireomne for which the synonjm in carbohydrate nomenclature is 
2-aimno-2,4-didesoxy-DE-threonic acid, n.-threonine for which the synonym is 
2-amino-2,4-dideso\y-Le-threomc acid, L,-allothreomne for which the synonym 
18 2 amino-2,4-dideso\y-Lg erythromc acid, n.-allothreomne for which the syno 
nym is 2-amino-2,4-dideso\y-Dj-erythromc acid Papers that deal with both 
carbohydrates and anuno acids and which make use of the prefixes should employ 
subscripts at least for the names of the amino acids The acids denved from amino 
sugars should bo named in conformance with carbohydrate nomenclature but with 
the use of the subscript, e g Dg-glucosamimc acid for 2 aimno-2 deso\y-Dj-glucomc 
acid 

Rule 4 If the configurational relationship of the a-carbon atom has not 
been definitely estabhshed, the actual direction of the rotation ma specified 
solvent, preferably of the fiee ammo acid m water, is designated by the 
prefixes dexbo or leva m lower-case italic letters oi, altei natively, by a plus or 
a mmus sign enclosed in parentheses 

Examples dea:frohydroxytryptophan, (+)-hydroxytryptophan 

Rule 5. The prefix meso- oi its abbreviation ms- m lower-case italic letters 
IS used to denote the isomers of ammo acids and derivatives of these that 
are optically inactive because of mternal compensation 

Examples wieso-lanthiomne, ms-cj'stine 

Rule 6 Wheie the ammo acid has two centers of asymmetiy so consti- 
tuted that mternal compensation is impossible, the form w’hich has the n- 
configuration at the a-cai bon atom is designated the L-ammo acid and the 
form that has the opposite configuration at both asymmetric carbon atoms is 
designated the n-ammo acid 

Examples L-threomne, hydroxy-u-proline, u isoleucine for the isomers derive^ 
from proteins, u-thieomne, liydro\y-D proline, d isoleucine for their optical isomers 

The diasteieoisomers of these substances aie designated with the piefixes 
L-allo- and D-allo- joined diiectly to the name, the prefixed letter m each 
case denoting the configurational family of the a-caibon atom 

Examples n-allo threonine, allohydroxj n-prohne, n-alloisoleucine, n allothreo 
mne, allohj droxy-n-proline, n-alloisolcucine 

Rule 7 Salts and deiivatu es of ammo acids including peptides are desig- 
nated with the use of a small capital Icttei to denote the configurational 
family of the a-carbon atom oi atoms, this letter being placed immediately 
before the name of the paient acid or its radical The customary rules of 
nomenclature are otherwuse obseived 

Examples L-histidine monohydrochlonde monohydrate, copper n aspartate, d- 
ormthine dihydrochlonde, acetyl-n tryptophan, diethyl u-glutamate, 4 hydroxy-L- 
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prohnc, 3,5 daodo-L-tyrosine, /3-lij dro\ 3 >--DL glutanuc acid, L-leucyl-L-valine, gly- 
C 5 I-DL leucine For the purposes of this rule, phenjlalanine is regarded as the name 
of the parent amino acid because of long established usage, thus N-benzoyl-n phenjl- 
alanine, not N-benzoyl /3 phenjl-L alanine Names in iihich the prefaxes invohe 
amino acid configurations are treated similarlj , thus, S(d ^ amino /3 carboxj- 
ethj l)-D-homocj steine for n-eystathionine 

Rule 8 "l^Tiere a tiivial name is applied to a compound that contains ti\ o 
a-amino carboxjdic acid gioupmgs attached to dissimilar carbon chains, 
the configurational designation is that of the a-cmhon atom of the smallei 
of the two chains 

Examples n cjstathiomne for S(d /9 miiiio /3 cai box} ethjl)-D homocj steine, l- 
allocjstathionine for ammo /S carboxjeth3l)-D-homoc\ steine 

However, the mtroduction of new tinual names should be avoided in the 
absence of compellmg reasons 

Background of Rules 

The term natural ammo acids mcludes the a-amino acids that are 
liberated bj’- the hydrotysis of protems as w ell as a considerable number of 
amino acids and related substances found m plant and animal tissues as 
products of metabolism Bj" fai the greater pioportion of these substances 
belongs to the h system but, m recent 3’ears, an inci easing number of ob- 
servations has been made of the presence of amino acids of the opposite 
configuration, chiefly m products of the metabolism of lowei organisms 
Accordmgly the term natiiial amino acid is no longei synonjTOous with the 
term L-amino acid 

The present rules deal chieflj’- with substances that aie the concern of bio- 
chemists and physiologists They aie intended to solve certain of the 
problems of nomenclature m this field w hich have ansen because of the use 
in the hteratuie of several different earliei systems for nammg these sub- 
stances The origin of the piesent confusion is traced in the followmg 
paragraphs 

The early hteiature and such lefeience x\ oiks as Abdeihalden’s Handlcxi- 
A on and Beilstein name the amino acids with a prefix that show s the direction 
of optical rotation of an aqueous solution of the substance at a reaction in 
the neutral range Thus, foi example, foi the stereoisomers that are ob- 
tained from proteins, the names rf-alanme, d-x ahne and A-leucine w ere used 

Subsequently, a suggestion made by Wohl and FreudenLerg (Ber , 66, 
309 (1923)) was widely adopted Accoiding to this, the prefix was used 
onl}' to denote the configurational family to which the a carbon atom of the 
amino acid belongs, and the actual diiection of lotation was indicated bx 
a plus sign 01 a minus sign enclosed m parentheses Thus, for the ^amc 
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three substances, the names Z(+)-alan]ne, Z(+)-vahne and Z(— )-Ieucme 
were introduced 

In recent years, it has been demonstrated that, m general, the stereoiso- 
mers ol the amino acids that are obtamed from proteins belong to 
the I family with respect to the configuiation of the «-caibon atom As a 
result, these isomers are frequently spoken of as the Z-amino acids and the 
mdividual substances mentioned above may appeal as Z-alanine, Z-i ahne 
and Z-leucme notwithstandmg the fact that two of these names are different 
from the ones employed m the early hteiature 

Even those chenusts who carefully adhere to the Wohl-Freudenberg 
system of nomenclature differ among themselves m usage because there is 
no generally accepted com ention regarding the soh ent to be employed foi 
the observation of the direction of the rotation Certain chemists consist- 
ently use the direction in neutral aqueous solution, otheis prefer to use the 
direction of rotation m the presence of an excess of mineral acid, in pait 
because some of the ammo acids are so insoluble in vater at neutial reac- 
tion that observation of the rotation is difScult, and in pai t because strongly 
acid solutions contam only a single lomc species and the rotation is theie- 
fore not sensitive to moderate changes m the acid concentiation In most 
cases, both conventions with regaid to the solvent lead to the same name, 
but there are si\ cases, cysteine, histidine, leucine, methionme, seime and 
tryptophan, w heie the w^ater convention leads, for the isomers derived from 
proteins, to a name prefixed by Z(— )-, while the acid convention leads to a 
name prefixed by Z(+)- 

The name threonme provides a still more difficult pi oblem When this 
substance was first isolated from protems and thoroughly charactenzed by 
Rose in 1936, it was named d(— )-threonine in ordei to draw attention to 
the configuiational relationship with D-thieose Because of this derivation 
of the name, the prefix specifies that the a-carbon atom has the configura- 
tion of the I family and the /3-carbon atom that of the d familj^ How'ever, 
the name constituted an exception to the otherwise invariable rule in amino 
acid nomenclature regarding the lelation of the piefix to the configuration 
of the a-carbon atom Confusion has aheady aiisen smce papers have 
appeared in which the isomer of threonine deri\ ed from pioteins has been 
erroneously designated as Z-threomne or Z(— )-thieomne 

Comment on the Rules 

The present changes m the nomenclature of the ammo acids are the out- 
grow'th of discussions on the part of the Editorial Board of The Journal of 
Biological Chemistry and the Editonal Committee of the Amencan Societj - 
of Biological Chemists, with generous assistance from the Editorial Board of 
the Biochemical Journal and from the Committee on Nomenclature, Spell- 
ing and Pronunciation of the Amencan Chemical Society 
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Rule 1 advocates the general use of a prefix to denote the configurational 
fanuly of the a-cai bon atom in the interests of absolute clarity Hon e^ er, 
the piefix may be omitted uheie the context is such that there is nopossi- 
bihty of misunderstandmg m hich isomer is undei discussion as, for example, 
in papeis that deal exclusivel}’’ uith the isomeis deiived from piotems 
Similaity, papeis that deal inth the synthesis or properties of opticallj’- 
inactive mixtures or racemic compounds ma}’’ hkevise make use of the 
names without the piefix Ne\ ertheless the practice of emplo'snng the pre- 
fix at least once, as foi example in the introduction or m the summary of 
the papei , is to be commended In effect, this rule merely recogmzes cur- 
rent custom in biochemical hteratuie 

The plus and minus signs emploj ed in the Wohl and Freudenbeig system 
of nomenclatuie v eie chieflj'^ designed to emphasize the fact that the piefix 
referred only to the configuiational family Thej' shoved that a nomen- 
clatuie difterent fi om that previousl}'^ employed v as being used With the 
substitution of capital letters, m anaIog^’• v ith the usage in the caiboltydrate 
field, the special meamng of the symbols is sufficiently emphasized and no 
signs foi the lotation aie required Rule 2 thus eliminates these signs to- 
gether V ith the need foi a com ention legardmg the solvent to be emploj'^ed 
for the obseivation of the lotation IWieie an author \nshes to emphasize 
the actual direction of the rotation, the specific i otation should be given in 
the text m the conventional symbols vith a lecoid of the tempeiature, the 
vave-length of the light, the solvent and the concentiation of the solution 
or its density It should perhaps be pointed out that the present rules have 
to do only vath the naming of ammo acids They do not touch upon the 
techniques for measuring the rotation 

Although the use of small capital letters is desirable m printed material 
mainly for esthetic reasons, t 3 ^pevntten mateiial vill of necessitj" emploj" 
ordinary capital letters In a manuscript piepared for the punter, a double 
underline indicates that the sj mbol is to be set v ith a small capital letter 

The application of Rule 2 in the case of threomne invoh es a change m 
the name oiiginallj'’ given to the isomer of this substance isolated from pro- 
teins The new name, n- threonine, has been accepted bj Professor W C 
Rose, its discoverer 

The fundamental difficulty in the naming of this substance anses from 
the fact that caibohydrate nomenclature is based upon the gh ceric alde- 
hydes, the dextrorotator 3 '' isomer being bj' convention designated n-gh ceric 
aldehyde The configuiation of the highest numbered as 5 'mmetric carbon 
atom determines the prefix that is used If this configuration is that of d- 
glyceric aldehyde, the caiboltydrate is a D-sugar On the other hand, in the 
ammo acid field, it is the configuration of the lowest numbered asi mmetnc 
carbon atom, i e the a-carbon atom, that determmes the prefix The two 
systems are thus irreconcilable unless some device such as an additional 
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symbol is introduced to show that the capital letter prefix m the name l- 
threonme is used in the ammo acid sense rather than in the carbohydiate 
sense, as might be inferred from, the name threonine inth its obvious ref- 
erence to the sugar threose 

Rule 3 IS formulated to deal i\ ith this situation and should be apphed 
where any possibility exists of confusion between the meaning of the symbols 
in the two systems of nomenclature The subscripts s and g, respectively for 
serine and for glyceric aldehyde, \\ ere suggested as being suitable by Di 
C S Hudson ivho pointed out that serme is the simplest amino acid that 
can be legarded as bemg related to the carbohy^drates The prefix i*-, pro- 
nounced ell sub ess, attached to the name of an ammo acid as, for example, 
Lg-threonme, shows uneqmvocally that the prefix refers to the ammo acid 
system of nomenclature and that it denotes the configuration of the a-cai- 
bon atom Even if carbohydrates are mentioned by name m the context 
wuth prefixed capital letters for their configuration, there w'ould be little 
chance that confusion as to the exact meamng of the symbols might occui 
To ehmmate even this small chance, the subscript g could be employed 
with the prefixes for the carbohydrate names 

Custom dictates that the acids derived from the aimno sugars shall be 
named m accordance with carbohydrate nomenclature even though they 
may be a-amino acids Accordingly, in a contoxi that includes the names of 
ammo acids, glucosammic acid should be named Dg-glucosammic acid, the 
prefix bemg pronounced dee sub gee, m order to make the meaning 
of the symbols imequivocal In this substance, the configuration of the 
a-carbon atom also chances to be that of the Dg family, but m the acid 
denved from Dg-mannosamme (2-ammo-2-desoxy-DE-mannose), the a-car- 
bon atom has the configuiation of the Lg family^ Nexertheless, the name 
Dg-mannosammic acid (2-ammo-2-desox3’^-DE-mamiomc acid) should be 
employed 

The use of the subscript s added to the capital letter prefix m the nomen- 
clature of the ammo acids should rarely be necessary m practice even m the 
case of threonine Howeier, it must be remembeied that the name n- 
threonme is at best a compiomise, m this name, the two systems under 
w’hich the capital letter is used to denote configuration come into una\ oid- 
able conflict Authois of papeis m which anj’^ question anses concernmg 
the configuration of the carbon atoms of threomne must therefore use ex- 
treme care m order to avoid the possibility of bemg misunderstood 
Rule 4 provides f oi the case of ammo acids or their derivatives of w hat- 
ever origm, the configuration of which has not been established With 
such substances, the direction of the optical rotation sen es to specify the 
isomer under consideration Names assigned under this rule would, of 
course, be superseded as soon as the configuration had been established 
Rule 5 continues piesent practice m the naming of those few substances 



H B VICKERY 


243 


m winch there are two asymmetnc carbon atoms but w^hich, being 
symmetrical in structure, aie optically inactive by internal compensation 
7neso-C3"stme and Tweso-lanthionme aie the two best known examples but 
other cases such as diammosuccmic acid and djenkohc acid exist The 
abbreviation ms- may be employed if desired but not the abbremation m- 
since this is reserved for meta 

Rule 6 deals with the ammo acids that have tw o centers of asymmetry m 
the carbon cham because a substituent group in addition to the a-ammo 
group IS present Foui optically active isomeis and tw o optically mactive 
mixtures or racemic compounds exist The rule follows the custom, m- 
troduced in the case of the isomeis of isoleucme, of designatmg the diastereo- 
isomer of the substance that is ob tamed from protems with the prefix alio-, 
and of usmg the capital letter piefix to denote the configuration of the a- 
carbon atom No attempt is made under the present rules to designate the 
configuration of the second asymmetric carbon atom, smce, where this is 
of importance, the matter can be more simply dealt wnth in the text 

Rule 7 extends the use of the capital letter system to derivatives, salts 
and peptides of the opticallj'' active ammo acids The configurational 
designation is placed immediately before the name of the parent ammo 
acid so that no confusion can arise when complex derivatii'es are named 
Rule 7 hkew ise applies to systematic names 

If strictly interpreted, this lule would require that the isomei of phenyl- 
alamne denved from protems be named /J-phenyl-n-alamne since the sub- 
stance can be regarded as a substitution product of L-alanine Unfortu- 
nately, /3-alanme, m w hich the ammo group occupies the /3-position, is a w ell 
knowTi substance, being found in the form of a radical in certain natural 
products and also as a product of the decaiboxylation of aspartic acid 
The use of the name /S-phenjd-L-alanme might therefore lead to misunder- 
standmg, it seems wiser to treat the name phenylalanine, given b 3 ' Schulze 
m 1881, as an exception to the rule, and regard it as the parent ammo acid 
m naming deux atives 

There are several other cases in x\ hich ammo acids of importance in pro- 
tein chemistry have received analogous names which are partl 3 ’' structural, 
partly tiivial, hydroxyprohne, hydrox 3 "glutamic acid, hydroxy^ sme, di- 
hydroxyphenylalanme and diiodot 3 Tosme are the most important The 
rules should be applied stiictl 3 ’^ in these and similar cases, for example, 
duodo-L-tyrosme oi, more specificall3’’, 3,5-diiodo-ii-t3wosine, 4-h3’'drox3 -l- 
prolme, /3-3 , 4 -dihydrox 3 '^phen 3 d-Li-alanine ^Tiere the exact position of the 
second substituent group is stiU unknow n or w here its position is unimpor- 
tant to the context, the prefix which shows this position is omitted, for 
example, hydroxy-Li-l3^sme, h 3 ’’diox 3 '’-ii-prolme, diiodo-DL-t3TOSine, dih\- 
drox3^phen3d-L-alanme 

Rule 8 extends the system to those few substances that hax e been gix en 
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trivial names and m vhicli two ammo acid groupmgs with different con- 
stitutions occur C3’'statluonme is an example that has recently been fully 


Ammo aad 

Early 

literalu-e 

Prefix 

Wohl Freudenberg 
system 

Present rules 

Water 

convention 

Acid 

convenbon 

Alamne 

d 

i(+) 

i(+) 

L alanine 

Argimne 

d 

i{+) 

H+) 

L-argimne 

Aspartic acid 

d 

i(+) 

Z(+) 

L-aspartic acid 

Cy'stine 

1 

i(-) 

i(-) 

n-cystine 

Cysteine* 

1 

Z(-) 

i(+) 

li-cysteine 

Glutamic acid 

d 

K+) 

i(+) 

ix-glutamic acid 

Histidine* 

1 

i(-) 

Z(+) 

1 ,-histidine 

Hydroxyproline* 

1 

i(-) 

z(-) 

hy'dro\y-L-proline 

Isoleucine* 

d 

l(+) 

Z(+) 

li-isoleucine 

Leucine* 

1 ^ 

l(-) 

Z(+) 

L-leucine 

Lysine 

d 

l(+) 

i(+) 

ir-lysme 

Methionine* 

1 

l(-) 

i(+) 

L-methiomne 

Ormthine* 

d 

l(+) 

Z(+) 

i,L-ormthine 

Phenylalanine 

1 

l(-) 

i(-) 

L-phenylalamne 

Prohne 

1 

l(-) 

Z(-) 

L-proline 

Senne* 

1 

H-) 

Z(+) 

L-senne 

Threonine^ 

d 

d(~) 

d(-) 

L-threomne 

Thyroxine* 

1 


l(-) 

L-thyroxine 

Try ptophan* 

1 

l(-) 

l(+) 

L-tryptophan 

Tyrosine 

1 

H-) 

Z(-) 

L-tyrosine 

Valine 

d 

i(+) 

Z(+) 

h valine 


* The amino acids marked with an asterisk are levorotatory in neutral aqueous 
solution and dextrorotatorj'- in acid aqueous solution 

1 The configuration of the 7 -carbon atom of hydro\j’’-L-prohne has been shown by 
Neuberger (J Chem Soc , 1945, 429) to be that of the d family 

® The configuration of the P carbon atom of isoleucine has not been established 
with certainty 

5 Ormthine has not been isolated from proteins save after hydrolysis with alkali 
Under these circumstances, DL-ormthine is obtained by secondary decomposition 
and racemization from L-arginine n-Ormthine has, honever, been isolated from 
tyrocidine (Gordon, Martin and Synge, Biochem J , 37, 313 (1943)) and from grami- 
cidin S (Synge, Biochem J , 39, 363 (1945)) 

* The configuration of the /3 carbon atom of threomne is that of the d family 

‘ Thyroxine is too insoluble in water or in acid for convenient observation of the 
rotation, it is levorotatory in alkaline solution 

V orked out In this substance, a cysteme and a homocysteme radical are 
combined through a smgle sulfur atom Octopme is a case m uhich the 
isomers still remain to be described If the convention is adopted that the 
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configurational designation shall be that of the smaller of the two ammo 
acid radicals and, m addition, the prefix alio- (this prefix is to be preferred 
to ISO-) is employed to denote the diastereoisomeric analogue of the com- 
pound to which the tiivial name was first assigned, an unequivocal set of 
designations becomes possible The systematic name must, hovever, be 
lelied upon if the configurations of both as3anmetnc carbon atoms are to be 
specified 

The accompanying table shows the names of the isomers of the moie im- 
portant ammo acids derived from proteins under the systems of nomencla- 
ture previously in use and under the present rules 

Hubert Bradford Vickert 
For the Editorial Board of The 
Journal of Biological Chemistry 
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(From the William G KercKhoff Laboratories of the Biologieal Sciences, California 
Institute of Technology, Pasadena) 

(Received for publication, February 8, 1947) 

We leported m a pievious communication (1) that guanidoacetic acid 
IS methylated to creatme by lat liver shces in the presence of choline and 
either homocysteine oi homoc3'stme Cholme, homocj^stine, or homo- 
cysteine alone had little or no effect These obseivations closed the gap 
ivhich had e\isted between the evidence from tissue shce experiments on 
the one hand (2) and that from expeiiments tn vivo on the other (3-5) re- 
garding the transfer of cholme methyl m the formation of creatme 

Two transmethylation reactions, one m which methionine, the other m 
w hicli creatine is formed, ivere thus exposed for studj’- We had obseiwed 
that the rate of methylation of guamdoacetic acid by chohne is as fast or 
faster wnth homocystme than with homocysteine as the meth}'! earner 
(1) This was surprising, as it might have been expected, a prion, that 
homocysteine w'ould be the more effective methyl carrier, and it suggested 
that the twm transmethylation reactions may have different charactenstics 
We had found an mdication earlier (2) that the methylation of guanido- 
acetic acid bj*- methionme is not a simple methyl transfer betw'een the tw o 
substances in that the reaction is mhibited wRen respiration is inhibited, 
whether by anaerobiosis oi by oxidation mhibitors We undertook a studj" 
of methionme formation by transmethylation m rat liver and kidney slices 
and homogenates to obtam more information on this question, and also 
because of the physiological significance of the reaction in itself, to which 
no in vitro studies had as yet been devoted 

Methods 

Yhe animals used w^ere adult white rats which had been bred from the 
Wistar Institute stram They w^ere killed by stunning, the liver and 
kidney tissue were shced free-hand with a straight edge razor to an average 
thickness of 0 4 imn The shces w ere rmsed m &ebs and Henseleit (G) 
Ringer’s solution without the bicarbonate and finallj suspended in the 
same Rmger’s solution with such a concentration of bicarbonate that the 
pH, when equilibrated at 38° with 5 per cent carbon dioxide, was 7 4 
The reactants were dissoh^ed m the latter version of tlie Krebs-Henseleit 
bicarbonate Rmger’s solution 
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In our studies on the methylation of guamdoacetic acid (1, 2) we found 
a considerable methylation by liver shces, even when no methionme was 
added Until a sufficiently sensitive method for the detennmation of 
methionme was available, we were uncertam whether this “tissue” methy- 
lation might be ascribed to methionme hberated by the hvei shces durmg 
the period of incubation or whether it was necessary to invoke some other 
methyl donor The method foi the deteimmation of methionme used in 
this study w'as sufficiently sensitive With it we have found that rat liver 
shces hberated methionme, under the conditions of the experiments on the 
methylation of guamdoacetic acid, in concentrations which ranged from 
0 2 to 10 mg pel cent, in 4 hours the total free methionme increased 
usually to about 3 times the zero tune value As the “tissue” methylation 
of guamdoacetic acid could be accounted for b3’' a free methionme concen- 
tration of 3 X 10“® M, t e approximately 0 5 mg per cent, the methionme 
hberated by lat liver shces is sufficient, therefore, to account for the rates 
of methylation of guamdoacetic acid observed when no methiomne is 
added to the Rmger’s solution 

Cyamde, azide, arsemte, and arsenate do not inhibit the methylation 
of homocysteme or of homocystme (Table II) In fact arsemte mcreased 
the yield of methiomne even under 4 pei cent oxj^gen The non-suscepti- 
bditj' of this transmethylation to oxidation inhibitors is m accord with its 
independence of oxygen 

The possibility suggested itself, m view of the superiority of betame to 
chohne as a methyl donor m methionme formation, that the methylatmg 
action of cholme maj^ be via betaine, % e , that betame is the immediate 
methjd donor to homocysteme or homocystme and that the methyl group 
lost by such a donation is replemshed by cholme The possibility was 
tested m a number of experiments m which varying small amounts of be- 
taine were added to the reaction mixture contaimng the metlijd acceptor 
and cholme The chohne concentration m these experiments was 3 tunes 
the molecular equivalent of the homocysteme and 6 times tliat of homo- 
cj'stme, the betame concentration was varied from one-fifth to one-hun- 
diedth that of the cholme The results obtamed argue against a carrier 
function of betame The effect of cholme plus betame was alw'ays less than 
the sum of their separate effects 

In addition to betaine and chohne a number of other possible methyl 
donors were tested As Table III show's at the end of the 4 hour incu- 
bation with hver shces at 38°, no more and m some cases less methiomne 
was found than when the methyl acceptor alone w'as added to the Einger s 
solution The other possible methyl donors tested were dunethylethanol- 

amme, monomethylethanolamme, diethylmethylhydroxyethylammonium 
chlonde, monoethyldimethyihydroxyethylammomum chlonde, arsenocho- 
hne, and phosphorylchohne 



H BORSOOK ^ND T DUBNORF 


251 


slices or homogenates (13, 15) The gieater yields of methiomne under 
anaerobic conditions uith betaine aie then to be ascribed to the greater 
stabihty of the methyl acceptoi This explanation is offered onlj’’ pro- 

Tablb I 

Methylation of h-Hoinocysleine and of ij-HomocysUne by Choline and by Betaine 
Rat liver slices, 4 hours, 37 5° The results are expressed as micrograms of methi- 


Composition of gas miiture 

95 per cent Oi + 

5 per cent CO 

91 per cent 
per cent Oi + 5 
per cent COj 

95 per cent N* + 

5 per cent COi 

Initial concentration of 

methyl donor, mg % 

28 8 

19 1 

9 6 

19 1 

9 6 

19 1 

9 6 

Tissue alone 

75 

75 

75 

92 

55 

72 

119 

“ -f homocysteine 

104 

104 

104 

259 

207 

183 

223 

“ -f “ and 

207 

167 

147 

362 

338 

279 

271 

choline 


! 




1019 

721 

Tissue -f- homocysteine and 

254 

215 

163 

710 

470 

betaine 






92 

167 

Tissue -f homocystine 

75 


75 

194 

107 

" -f “ and 

107 


107 

239 

211 

139 

215 

choline 






633 

525 

Tissue + homocystine and 

115 


115 

279 

235 

betaine 






72 

119 

Tissue -h choline 

75 

75 

75 

95 

55 

“ betaine 

75 

75 

75 

92 

55 

68 

124 


hiach of the fagures in tne taoie is ^ 

i^homocystme were used The initial concentration of each ivas in every case 12 5 
mg per cent, and the volume of the reaction mixture v as 4 ml In any one experi- 
mental run the gas mixture and the concentration of the mcthjl donor v ere the 
same, the slices vere obtained from the liver of one animal or from the pooled slices 
of the livers of two ammals The dry tissue weight in each reaction \ essel was n ithin 
the range, 15 to 30 mg A number of experiments nere carried out to obsenc the 
effect of varying the oxygen tension in the gas mixture, nith slices from one anima 
The results were essentially the same as those shovn abo\e, the 3 nere not selecte 
for inclusion in Table I because, for physical reasons, the number of controls were 
limited, and the homocysteine and homocystine experiments had to be run 
separately in the latter experiment 

Visitmally, it needs the suppoit of data on the rates of all the reactions and 

side reactions m\ oh'ed , , 

In most, but not all, experiments there uas an increase m methionine 

over the tissue blank when only homocysteine or homoex^me xxas ac e , 
t e not accompamed by an additional methyl onor resuma i x 
methylation was eftected by methyl donors m the hxer shces, these were 
not remox'^ed even by xx ashmg the slices m Ringer s so u ion or . lou 
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In our studies on the methylation of guamdoacetic acid (1, 2) we found 
a considerable methylation by liver shces, even when no methionme was 
added Until a sufficiently sensitive method for the detennmation of 
methionme was available, we were uncertam whether this “tissue” methy- 
lation might be ascribed to methionme hberated by the hvei shces durmg 
the period of incubation or whether it was necessary to invoke some other 
methyl donor The method foi the deteimmation of methionme used in 
this study w'as sufficiently sensitive With it we have found that rat liver 
shces hberated methionme, under the conditions of the experiments on the 
methylation of guamdoacetic acid, in concentrations which ranged from 
0 2 to 10 mg pel cent, in 4 hours the total free methionme increased 
usually to about 3 times the zero tune value As the “tissue” methylation 
of guamdoacetic acid could be accounted for bj’' a free methionme concen- 
tration of 3 X 10“® M, t e approximately 0 5 mg per cent, the methionme 
hberated by lat liver shces is sufficient, therefore, to account for the rates 
of methylation of guamdoacetic acid observed when no methiomne is 
added to the Rmger's solution 

Cyamde, azide, arsemte, and arsenate do not inhibit the methylation 
of homocysteme or of homocystme (Table II) In fact arsemte mcreased 
the yield of methiomne even under 4 pei cent oxj^gen The non-suscepti- 
bihty of this transmethylation to oxidation inhibitors is m accord with its 
independence of oxygen 

The possibility suggested itself, m view of the superiority of betame to 
chohne as a methyl donor m methiomne formation, that the methylatmg 
action of cholme maj’" be via betaine, t e , that betame is the imm ediate 
methyl donor to homocysteme or homocystme and that the methyl group 
lost by such a donation is replemshed by cholme The possibility was 
tested m a numbei of experiments m which varying small amounts of be- 
taine were added to the reaction mixture contaimng the methyl acceptor 
and cholme The chohne concentration m these experiments was 3 tunes 
the molecular equivalent of the homocysteme and 6 times tliat of liomo- 
cystme, the betame concentration was varied from one-fifth to one-hun- 
diedth that of the cholme The results obtamed argue against a carrier 
function of betame The effect of cholme plus betame w^as alw'ays less than 
the sum of their separate effects 

In addition to betame and chohne a number of other possible methyl 
donors were tested As Table III show's at the end of the 4 hour incu- 
bation with hver shces at 38°, no more and m some cases less methionme 
was found than when the methyl acceptor alone w'as added to the Einger s 
solution The other possible methyl donors tested were dunethylethanol- 

amme, monomethylethanolarome, diethylmethylhydroxyethylammonium 
chlonde, monoethyldimethylhydroiQ'ethylammomum chlonde, arsenocho- 
hne, and phosphorylchohne 
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These results illustrate one of the lunitations of the tissue slice technique 
The tissue slices contained significant amounts of methjd donors, even aftei 
being washed ^ hour in large amounts of Ringer’s solution The failure of 
the five possible methvl donom othei than betame or chohne to add, undei 
our experimental conditions, to the late of meth}dation effected bv the 
methyl donom in the slices does not, in itself, indicate that thev could not 


Table II 

Effect of Oxidation Inhibitors on Methylation of h-Homocysteine and of h-Homocystine 

by Choline and by Betaine 

Rat liver slices, 4 hours, 37 5“ The results are expressed as per cent of the methi- 
onine found after addition of homocysteine plus choline in the absence of an oxi a- 
tion inhibitor - 


Composition of gas mixture 


95 per cent O, -f- 5 per cent CO 


91 per cent N, -I- 4 per cent Oi + 
5 per cent COi 


Inhibitor 

None 

Cjamdc 

Andc 

Arsenite 

Arsen 

ate 

None 

Aiide 

Arscmte 

Arsen 

ate 

Tissue alone 

“ -f homocys- 

46 

100 

50 

116 

44 

99 

28 

163 

35 

100 

21 

100 

15 

75 

4 5 
145 

19 

114 

1 

teine and choline 
Tissue -h homocys- 

115 

121 

103 

324 

119 

112 

87 

1 

155 

121 

teine and betaine 
Tissue -f homoc}'stine 

61 

67 

63 

78 

63 

59 

57 

70 

52 

and choline 

Tissue 4- homocystine 

64 

74 

66 

113 

75 

65 

60 

81 

61 

and betaine 












L-Homocysteine and L-homocystine were useu ao a 
cent The volume of the reaction mixture was 4 ml ^er cent andvith 

per-cent oxygen ° TTe^Jdation mhibitors were used in the form 

4 per cent oxygen, 9 6 mg per cent i e experiment the 

of their «°d.um salts and boniocysteine. and tissue plus homo 

controls consisted oi tissue aione, f trinhcnte viere run 

.he control. the 

simultaneously in the absence and in the p 
inhibitors 

do so ,« m.o Ono possibdity is tliat under our 

the above substances are not tiansfonne o ® in the 

enough to make then- eontnbut.on to that of the metlitl donor. 

slices noticeable m i u tTT ore m accord mth those on growth 

The results summarized in Table III incapable of 

(4, 16) m that none of the compounds nluch nere ° ““Ptt'ng 

supportmg growth with jl“oethildmictlnlliidrovT-- 

effect under our experimental condi , 'ii support growth 

ethylammonium chloride and phosp lorj c i prtpd to choline (or 

with homooystme presumably beeause the, arc conterled to 
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betaine) in vivo, they exeited no signihcant additive methjlatmg effects 
m our experiments because, piesuraably, they were not converted to betaine 
or to choline sufficiently lapidly to augment noticeablj’- m short penod 
expel iments the effect of the methyl donors m the slices 

Tabie III 

Relative Rates of Methylation oj J -Homocysteine,! -Homocyshne, and of Homocysteine 
tholactone by T arioits Possible Methyl Donors 
Rat liver slices, 4 hours, 37 5° Excess methionine over tissue blank mth 
homocysteine alone taken as 100 


Composition of gas mixture 

95 per cent Oi 
4 5 per cent 
CO- 

91 per cent Kj 

+ 4 per cent Oi 

+ 5 per cent 
COr 

9o per centN: 
+ 5 per cent 
COa 

Homocysteine 

100 

100 

100 

“ + choline 

217 

220 

270 

“ + betaine 

347 

633 

1905 

“ + dimethylethanolamine 

101 

95 

90 

“ + monomethylethanolamine 

65 

99 

93 

“ + diethylmonomethylhy- 

119 

91 

-20 

droxyethylammonium chloride 




Homocysteine + monoethj Idimethylhj - 

150 

100 

-120 

droxyethylammonium chloride 




Homocysteine + arsenochohne 


76 


“ + phosphor jlcholme 


94 


Homocystine 

55 

51 

60 

“ + choline 

123 

102 

104 

“ -f- betaine 

165 

180 

208 

“ + dimethjlethanolamme 

-42 


27 

“ + monomethylethanolamine 

-138 


-240 

“ + diethylnionomethylby- 

-138 


0 

droxj ethj lammomum chloride 




Homocj stine + monoethyldimethj Ihy- 

54 


-20 

droxyethylammonium chloride 




Homocystine + arsenochohne 


21 


“ + phosphorjdchohne 


11 


Homocj steinethiolactone 


72 


“ 4 choline 


92 


“ + betaine 

1 

254 


“ + arsenochohne 

1 

20 


“ + phosphorvl choline 


49 



Table III also contains a siunmaiy of lesults obtained ivnth homocystcine- 
thiolactone It was tiansformed to methionine at a late less than that of 
homocvsteine (50 to 75 per cent) and slightly superior to that of homo 
cystme Betaine was m this instance also a more effective methyl donor 

than choline 
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Homocysteinetluolactone can leplace homotjstme foi lat gro\rtli (17) 
Methionineless mutants of Ncuros-poia nhich can utilize homoe 5 "stine as a 
substitute for methionine use homocvstemethiolactone better, and homo- 
cysteine still better “ Oui findings nith homocysteinetluolactone and 
these are m accoid 

Homogenized or lyophihzed and diah''zed lat h\ei letain the ability to 
catalyze the methylation of homoc\steine and of homoc^stlne Some 
results Mith hmphihzed hvei are given in Table I\ Some ictnitj is lost 

Table 

Methylation of h-Homocysteinc and of h-Homocystinc with and without Choline and 
Betaine by Lyophihzed Rat Liict 


Nitrogen, 4 hours, 38° The figures are mg per cent of metliionine in the tri- 
chloroacetic acid filtrates 


Reaction mixture 

Undial>zcd powder 

( Dial> zed entyme used m each (e«t 

1 equixalent to 100 ms powder 

25 mg 

100 mg 

Alone 

Plus 

dialysate 

1 Plus ash 

1 

Plus 

d>al>sate 
plus ash 

Blank 

0 6 

25 

2 7 

3 1 

i 2 7 

3 2 

Homooj steme 

1 25 

6 0 

3 5 

4 1 

3 2 

4 1 

“ -f choline 

1 40 

6 6 

3 6 

4 3 

3 0 

4 2 

“ -f betaine 

3 00 

9 8 

6 4 

5 5 

5 7 

6 1 

Horaocystine 

0 6 

4 2 


! 



“ -|- choline 

0 7 

4 8 1 


1 



“ -f betaine ! 

0 8 

7 7 





Choline 

0 55 

2 6 

2 7 

3 0 

2 8 

3 2 

Betaine 

0 00 

3 0 

2 7 

3 2 

3 1 

3 2 


The pon der and reactants n ere dissolved in 0 1 M phosphate buffer at pH 7 0 The 
finalvolume was 4 ml Concentrations of homocysteine and of homocjstine viere 
12 5 mg per cent, of choline and betaine 37 5 mg per cent 


m lyophihzation and a fui thei loss occurs in dialysis The loss in actn it a 
indicates that theie may be two mechanisms, one winch uses choline, the 
other betaine, the foimei appeai-s to suffei more loss in dnhsis than the 
lattei 

We have earned out a numbei of expeiiments with sines of rat kidnet 
cortex Methyl donors withm (t e not w ashed out of) the kidnec slices 
effected about the same amount of metlydation of homocysteine and 
homocjstine as did liter slices Chohne and betaine exerted onlj s ig t 
additive methjdatmg effects Lulike htei, kidney slices were more e 
fective undei aerobic than anaerobic conditions 

’ Horowitz, N , unpublished experiments, pm ate commumcation 
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BISCHSSION 


The results of experiments reported here have established that there are 
at least two categories of transmethylation reactions One, of which the 
meth 3 dation of guanidoacetic acid to creatine is an example, depends on 
oxygen and is inlubited by oxidation inhibitors, the other, represented by 
the formation of methionine from homocj’^steine oi homocystme as the 
methyd acceptor and choline or betame as the methyl donor, does not re- 
quue oxy’^gen and is not inhibited by^ oxidation inhibitors In the first 
category methiomne can act as a methyl donor but chohne and betame 
cannot unless homocysteme or homocy stme is present to sei ve as a methyl 
carrier Still another dififeience is that liver homogenates are unable, mth 
01 mthout added methiomne, to methylate guamdoacetic acid, they”^ retain 
their ability to catalyze methiomne formation by transmethylation^ 

In the first category the direction of the methyl transfer is from an S 
methyl to an N-methyd and the reverse in the second category This 
distinction may not be fundamental, it seems advisable to suspend ]udg 
ment on this pomt at present 

Perlzu'eig el al (18) reported that rat livei shces can methylate mco 
tinamide The reaction is strictty aerobic, requires unbroken cells, is 
usually but not aln ays accelerated by the addition of methiomne, and the 
direction of the methyl transfer is from S-methyl to N-methyl, character 
istics vhich place this methylation in the same category as the methylation 
of guamdoacetic acid The two methylations are similar also in that the\ 
aie restricted to the liver 

Stetten (19) proposed a scheme of cholme formation from betame m 
\i Inch betaine is demethylated to glycme, the latter is reduced to ethanol 
amine, wluch is then methy lated to chohne by methiomne The direct 
participation of methiomne was not estabhshed and the pathway of betame 
methyd was left open The observations reported here shon that a roetn' 

’ group of betame is available for chohne formation by way of its incorpora 
tion into methiomne and thus account for the physiological properties o 
betame associated vnth its possessmg a labile methyl group Other possi 


bilities are not excluded 

Chandler and du Vigneaud (20) found that there was a lag of several a) » 
before gron'th was resumed after betaine v as added to a diet contammo 
homocystme and devoid of or very low in methiomne and chohne, wne 
grondh was resumed immediately after the addition of chohne 
after the lag, betame was somewhat less effective than eqmvalent 
of chohne Gnffith and Mulford (21) foimd that 3 to 4 mg of met o 

* After this manuscript was submitted for publication we found that if 

tion of guamdoacetic acid by methiomne occurs in guinea pig liver honiog® 
adenosine triphosphate is provided 
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01 of betamc wcie lequiied to give the same effect as 1 mg of chofme m 
preventing fatty liver oi hcmoirhagic kidney As an explanation of the 
lesser efficiency of betaine than chohne, the evidence Stetten obtained 
wth excluded diiect reduction of betaine to chohne Our observations 
mdicate that one route by which betame methyl is made available for 
growth and foi lipotropic purposes is via its incorporation mto methiomne, 
and hence its lonei efficiency than cholme for the latter function None 
of the above obseivations excludes the possibility that ethanolamine may 
be methylated by betaine directly 

When chohne is oxidized to betaine, at least one of its methyl groups 
remains labile via incorporation into methiomne There is considerable 
evidence that chohne can be oxidized to betaine m the body Rat hver 
shoes and homogenates rapidly oxidize chohne to betaine aldehyde and 
betaine (13, 14), betaine has been found m considerable amounts m ammal 
tissues (22-25) and has been isolated from the urme of animals on a betame- 
free diet after being fed large amounts of cholme (26) 

Although methyl tiansfer proceeds more lapidlj’’ from betame than from 
chohne, it seems unhkely from the evidence at hand that oxidation of 
chohne to betaine is obligatory for this purpose If it were, theie should 
be httle or no methionme formation with chohne as the meth}'! donor under 
anaerobic conditions Chohne is effective under these conditions 

SUMMARY 

1 Rat hver slices methylate homocysteme, homocystine, and homo- 
cysteinethiolactone to methiomne Cholme or betame can serve as the 
methyl donoi 

2 The speed of the leaction with each of the three methyl acceptors is 
fastest w ith homocysteine and slow est wnth homocystme It is faster w ith 
betaine than wuth cholme as the methyl donor 

3 A numbei of possible methyl donors were tested, other than betaine 
and chohne, none exeited a methylatmg effect which was additive to that 
of the methyl donors retained m the slices 

4 These tiansmethylations are mdependent of oxj'^gen and are not 
inhibited by oxidation inhibitors 

5 Catalytic activity is retained in homogemzed and m lyophilized rat 
hvei 

6 There ai e tw'o (at least) categories of methyl transfer reactions One 
IS dependent on oxygen, is inhibited bj'^ oxidation inhibitors, and catabhic 
activity is lost by homogenization and is not restored by addmg methiomne, 
which accelerates the reaction w'lth slices In this category is the methy la- 
tion by methiomne of guanidoacetic acid to creatine and of nicotinamide 
to Ni-methyhncotmamide Characteristics of the second categoiy are 
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independence of oxygen, nonsusceptibdity to oxidation inhibitois, and per- 
sistence of catalytic activity after cell structure is destroyed In this 
category is methionine formation by the methylation of homocystene, 
homocysteinethiolactone, or homocystme bv betaine or chohne ' 

The authors Mush to acknowledge the assistance of Miss I Silbeibach in 
the experiments reported here 
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At the 1941 annual meeting of the Amencan Society of Biological Chem- 
ists, one of us presented evidence that the ammo acid composition of the 
egg ma 3 ’^ be influenced by feeding the hen a diet nch in protein (1) We 
noAv offei expenmental results shoving hov the methiomne and cystine 
content of the egg can be changed by varjang the protein in the hen’s diet 
according to its high or low methionme content 

McFarlane, Fulmer, and Jukes (2) found no changes in the ammo acid 
composition of the egg pioteins when they varied the basal diet of the 
hens fiom 10 to 16 per cent crude piotein A higher protein supplement 
as a dietary influence vould have been moie appropnate to test the con- 
stancy of the amino acid composition of the egg proteins 

Calverj’- and Titus (3) did not obsen^e any change m the amino nitrogen 
distnbution in egg albumin and vitelhn prepared from eggs laid by hens 
fed a diet in vhich the protein vas fuimshed exclusively by vheat, com, 
01 soy liean Similar feeding experiments v ere earned out v ith pigeons bj 
Gerber and Can (4) They obsen'ed differences in the N distnbution in 
the egg pioteins (Van Slj^ke) and m the immunological behanor in rats 
sensitized to egg pioteins Their finding pomts to the probability of 
change in the amino acid composition of the egg protein induced by the 
ingestion of the various feeds 

If the amino acid composition of the different egg proteins is considered 
constant, then an increase in an amino acid m the egg maj'- mean that the 
piotein eontent of the egg has increased or that the proportions of the van- 
ous egg proteins hai e changed An increase in total protein content v ould 
naturally bring about proportional increases in all of the amino acids, and 
the cj'stine-methionine ratio vould not be changed Hoveier, ve vili 
show that the cystine-methiomne latio does not remain constant and th it 
the levels of these tvo ammo acids are independent of the total N m the 

egg 

Vanations m the protem components of egg v hite v ere noted bj I ong^ 
vorth, Cannan, and MacInnes (5) Thej found that the albumin content 

* This IS the ninth in a senes of papers on amino acids in staple foods 
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of the egg irhite vaned from 60 to 70 per cent and the conalbumin from 13 
to 18 per cent 

It IS knovm that the ratio of d hite to 3'-olk changes in eggs of an mdrinddal 
hen The influence of the diet and the la\ mg season on these changes are 
not knonm 

Because of the high biological value of egg proteins, the egg is one of the 
most valuable supplementarj’- foods in human nutntion A change brought 
about in the composition of the egg in ammo acids, especially the mdispens- 
able ones, is a significant finding in relation to its biological value This 
may also be important for the dei eloping chick, since the materials stored 
in the egg are the onlj- available nutnents for the grov-ing embrjm 

EXPERIMENTAE AND DISCUSSION 

Rhode Island Red hens m their 2nd lajnng jEar v ere used in these expen- 
ments The chickens v ere kept m la3nng batteries The3' nere on a Ion 
protein diet for at least a month before the3’’ were fed the high protem diet 
The low protem diet had the followmg composition m percentages ground 
yoflow com 87, alfalfa leaf meal 5, steamed bone meal 4 5, but3d fermenta- 
tion solubles (250 o of nboflainn per gm ) 0 5, hmestone flour 2, mangamzed 
salt (6 per cent h'rnSO<) 0 5, iodized salt 0 2, intamms A and D oil 
(400 A 0 A C umts of ntamin D and 2000 i u of intamm A per gm ) 
0 3, com-starch 6 0 This Ion protein diet contamed approximately 9 gm 
of crude protem, 0 IS gm of c3Etine, and 0 26 gm of methiomne per 100 
gm of feed Three high protein diets were prepared from the low protem 
formula b3’' replacmg 20 parts of com-meal in tn o of the diets mth casein 
or gelatin, and m the third, 50 parts of com-meal with so3'' bean meal 
Among the diets used in our experiments, the casem-high protem diet nas 
the richest in methiomne (0 75 per cent), but rather low in C3’stine (0 22 
per cent) The soy bean-high protem diet contamed equal amounts of 
methiomne and C3’stine (0 4 per cent), and the gelatm-high protein diet bad 
0 36 per cent of methiomne, but less c3Etme (0 16 per cent) than 
that present m the low protem feed 

The eggs n ere collected and neighed daity, and if not h3 dioh zed on tbe 
same da3q the3’- were kept at 5° m a cold storage room until anal} zed 
"When additional methiomne was fed, the quantities stated in Figs 1 and 2 
were mixed in approximately 30 gm of the high protem experimental diet 
and were fed to the chickens When this n as consumed, the chickens were 
allowed to feed ad libitum on the experimental diet for the remamder of the 

da3' , 

The methods used for the determination of cystine and methiomne tiaxe 

been published (6, 7) Therefore, the remarks concermng both methods 
rviil be limited to the details pertinent to the ana^Eis of eggs The eggs 
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i\ere opened at the small end, and the contents i\ere alloiied to flow directly 
in the hydrolyzing flask (300 cc round bottom Pyre\) The crushed shell 
as pushed in the flask and then 50 cc of concentrated HCl were added 
The action of the HCl \\ ith tl e egg shell in the presence of the egg contents 
caused foaming, but iihen the flask was shaken gently three or four times 
during an hour the foaming subsided (The use of antifoaming agents, 
such as butjd oi capiyhc alcohol, is not lecommended ) Then the flask 
was placed in an oil bath and the contents reflu\ed for 24 hours at the tem- 


Table I 

Rclahonshtp hclwccn Egg Weight and Nitrogen, Cystine, and Methionine Content 


Hen’s diet 

Egg 

weight 

Egg Content 

Nitro 

gen 

Cvstice 

Meth 

lonine 


gm 

ms 

ms 

mg 

Low protein 

55 1 

1003 

144 

156 

56 4 

1045 

138 

184 


61 1 

1124 

156 

200 

High “ 

47 7 

874 

145 

132 

(gelatin) 

49 5 

863 

133 

140 

52 6 

940 

128 

160 


55 1 

1014 

157 

163 


56 5 

975 

140 

199 

High protein 

65 6 

1310 

173 

234 

(casein) 

High protein 

53 1 

996 

146 

156 

(soy bean + 

58 1 

939 

156 

186 

0 1 gm DL- 

59 2 

1124 

171 

190 

methionine) 

60 4 

967 

156 

195 


60 4 

1011 

184 

204 


60 5 

982 

161 

190 


61 3 

1039 

163 

207 


61 5 

1149 

151 

188 


63 0 

1222 

147 

297 


Hen s diet 

Egg 

Weight 

Egg Content 

Nitro 

gen 

Cystine 

Meth 

lonine 


gm 

mg 

mg 

mg 

High protein 

58 

978 

166 

198 

(soy bean) 

59 3 

952 

152 

180 


59 7 

978 

162 

185 


60 3 

1050 

178 

210 


60 3 

1006 

154 

188 


60 9 

1009 

132 

158 


61 3 

1068 

167 

192 


61 8 

1014 

171 

184 


62 2 

1076 

163 

203 


62 5 

1035 

153 

200 


62 5 

1099 

167 

236 


64 3 

1133 

181 

225 


perature of boihng hydiochlonc acid After hydroh sis the total i olume of 

the egg hydrolysate (100 to 125 cc generaUy) yas 

tempeiature The hydrolysate y as then filtered and suitable ahquots y e 

taken for cystine, methionine, and nitrogen detennma ions 

In the 5 ce aliquot taken for cystine, it y as not necessary to dn e off the 
excess acid by boihng This 5 cc ahquot y as diluted to a 25 cc ^ otoe 
a 10 cc ahquot of this was used for the 

lecommended quantity of acetate buffer y as amp e o a eci 

reqmmment (6) It is expedient to use 20 mg of carboraffin at the final 
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stage of Cu piecipitation with sodium thiosulfate to lemove a yellowish pig- 
ment usually piesent m egg hydiolysates 
A 10 cc aliquot of the egg hydrolysate w as used foi the methionine deter- 
mination (7) Duplicate samples of 1 cc of 1 10 egg hydrolysate were 
taken for nitiogen determination by the micro-Kjeldahl method of Piegl as 
modified by Claik (8) 

The three proteins, casein, soj"^ bean, and gelatin, ivhich we chose to en- 
rich the hen’s chet, chffered in lespect to their origin (animal and plant) 



Fig 1 The influence of dietary protein and methionine supplementation on the 
cystine and methionine content of the egg (Hen 1) 


and also in their methionine and cystme content Theie uere changes m 
the weight of the egg and in the cystine, methionine, and nitrogen contents 
of the eggs laid by a hen u Inch u as fed a high and lou protein diet Hoa\ - 
> evei, there was no definite consistent relation between the weight of the egg 
and its methionine, cystine, oi nitiogen content (see Table I) 

Although the data airanged according to mcreasmg egg weights show no 
definite proportionality between the weight of the egg and its mtrogen con- 
tent, it may be noted that the larger eggs (ovei 60 gm ) contain more nitro- 
gen than do the smallei eggs (undei 50 gm ) 
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FJuctuatiODs aie piesent in the methionine and cystme content of the 
eggs obtained on the low protem as Ai^ell as on the various high protein diets, 
as shown m F igs 1 and 2 Furthermoie, an increase m methionine was not 
alvays followed bj'" an inciease in cj^stine and \uce versa 
We assume that these fluctuations aie normal physiological vanations 
that raaj^ be caused by the limitation of the necessary components required 



(CASEIN! (GELATIN) (SOYBEAN) (SOYBEAN) 

Fig 2 The influence of dietarj' protem and methionine supplementation on 
the cystine and methionine content of the egg (Hen 2) 

for the formation of the proteins of the 3 ’’olk and vhite This limitation is 
undoubtedly lelated to feed mtake The data in Fig 1 indicate the rela- 
tionship betveen the level of methiomne and cjstine in the eggs and tlie 
daily feed intake of a hen 

While theoretically the hen could furmsh methiomne or cjstine from it« 
own reserve protein to complete the sjmthesis of egg protein, this does not 
seem to be the case When the dietar}' protein is incomplete (20 per cent 
gelatin in the diet), or vlien the piotem in the diet is lov, egg production 
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stops Apparently, the hen lehes on the constituents of the feed for the 
synthesis of egg protein 

The data showing the average methionine and cystine values and the 
weights of the eggs from hens on the low protein and the high protein diets 
are summanzed in Table II 


Table II 


Influence of Diet on Weight and Cystine and Methionine Content of Hen’s Eggs 
{Average Values and Standard Errors)* 


Hen 

No 

Hen's diet 

No of eggs 
analyzed 

Egg weight 

Cystine 
per egg 

Methionine 
per egg 




gm 

mg 

mg 

1 

Low protein 

16 

59 

138 

195 




±0 48 

±4 2 

±2 7 


High ” (casein) 

21 

+60 9 

+181 

+206 




±0 4 

±2 6 

±19 


“ “ “ -b0 5gm 

4 

61 0 

175 

207 


methionine 






High protein (soy bean) 

18 

57 0 

144 

-m 




±0 89 

±4 7 

±4 6 


“ “ (“ “ -1- 0 2 

7 

57 9 

143 

166 


gm methionine) 


±5 1 

9 

±6 9 


High protein (gelatin) 

8 

56 4 

155 

186 




±1 2 

±4 1 

±5 6 

2 

Low “ 

16 

60 3 

158 

192 




±2 88 

±1 41 

±1 43 


High “ (casein) 

23 

62 0 

+185 

+234 




±0 6 

±2 04 

±3 93 


“ “ (gelatin) 

5 

-62 1 

142 

-168 




±1 6 

±5 1 

±111 


“ “ (soy bean -t- 0 1 

10 

60 2 

161 

197 


gm methionine) 


±0 96 

±4 0 

±7 2 


High protein (soj bean) 

12 

61 1 

162 

196 


1 

f 

±0 49 

±3 8 

±6 0 


* The bold-faced figures are statistically significant increases (-b) or decreases 
(-) 


■RTien the high protein diet containing 20 per cent casein was fed, the 
average methionin» and cystine content and the weights of the eggs were 
higher than thos° obtained on the low protein diet Statistical analj^sis of 
the data showed these inci eases to be highly significant Companson of 
the results obtained by feeding the high piotein diets containing 50 per 
cent soy bean meal oi 20 per cent gelatin with those obtained fiom the low^ 
protein diet indicates a tendency for the egg weight and the methionine 
content to decrease The 20 pei cent casein diet gai e higher oj^stine values 
in the eggs than did a 50 per cent soy bean meal diet, yet the soy bean diet 
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nontained appioximately 2 time-? as much cj^stine as did the casern Ihe 
most plausible explanation foi tins increase in the cystine content of 
the eggs IS that cystine is simthesized from the other components in the 
diet, especially methiomne Supplementing the high piotem diets that 
contau'ed casein or soj bean meal with sjnthetic methionine did not 
materially affect the methiomne and cvstine content of tlie eggs Daily 
methiomne addition to the hen’s diet in quantities of 0 5 gni and o\ ei had 
a tendency to stop egg pioduction (see gelatin feeding, Fig 1) When we 
obtained eggs in isolated instances, aftei supplementation with 1 gm of 
metluonine on 3 successne dajs, the methiomne and cystine content of the 
eggs did not diffei fiom those laid piea ions to the methionine addition In 
01 del to increahe the levels of these two ammo acids in the egg, the methio- 
mne must be in the hen’s diet in sufRci"nt quantity and in peptide foim 
The difference in the rate of absorption between the free and bound amino 
acid, which later undergoes cleaiage, may be the explanation foi this find- 
ing 

We think that the cystine and methiomne content of in egg cannot be 
considered constant and mav depend upon the hen’s dietan piotem 
The expenments offered abov'’ reveal the importance of the qiiaiititc 
and quahty of the piotem in the feed as a detcimimng factoi in establishing 
high levels of these sulfui -containing ammo acids m the egg 

SUMMARX 

Fluctuations were observed in the methionine and cystine content of tlie 
hen’s eggs laid in consecutive 01 del by hens which were kept eithci onalow 
or a high piotem diet These intenm changes are, however, normal phys- 
iological vanations 

Statisticallj’- sigmficant increases were established in cjstme and methio- 
nine values when a low" protein diet w'as changed to a high bj" supplementa- 
tion w itli casein (20 per cent) 

Feeding sjmthetic methiomne as a supplement did not affect the level of 
cystine and methiomne content of the egg Apparently, to increase the 
levels of these tw o ammo acids m the egg, sufficient methiomne must b? in 
the hen’s diet in peptide foim 
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The possible role of the a,/3-uiisaturated ammo acids m the mtermediarj’^ 
metabolism of the ammo acids has received recurrent attention since Dakm 
(1) and Bergmann (2) suggested that the biochemical dehydrogenation of 
ammo acids might mvolve the formation of denvatives of ammoaciyhc acid 
(dehydroalaume) Direct evidence for this hypothesis has proved to be 
elusive thus far, smce, even if formed, the dehydroammo acids may be ex- 
pected to undergo rapid hydrolysis ivith the foimation of the correspondmg 
keto acid and ammcnia The acylated dehydroammo acids, hovever, are 
stable compounds (2-b) and lend themselves to studies on their possible 
participation m enzyme-catalyzed metabohc leactions Thus, Bergmann 
and Schleich (7) discovered an enzjme (dehydropeptidase) specificallj 
adapted to the hydrolysis of peptide bonds m compounds such as glycylde- 
hydroalanme or glycyldehydiophenylalamne Although the physiological 
role of dehydropeptidase remams obscure, its presence m numerous animal 
tissues (8) gives support to the view that the dehydroammo acids, or their 
derivatives, represent active participants m intermediary protein metabolism 

A number of yeais ago it was suggested (9) that there may exist metabohc 
analogues to the chemical reactions between keto acids and acid amides, 
described by Bergmann and Grafe (4) and later studied by Shemm and 
Herbst (10) Such reactions lead to the formation of acyldehydroamino 
acids, accordmg to the foUowmg scheme 

CH,R' CHR' CHiR' 

I II H. I 

R — CO NH. -f CO ^ R — < O NH — C » R — CO NH — CH 

I 1 i 

COOH COOH COOH 

if'Group R m the above reaction sequence is considered to represent the 
remamder of an ammo acid residue, the biological couplmg betw een con- 
densation and leductive reactions of this type would offer a metabohc 
pathway for the synthesis of peptides (9) The occurrence of enzyme- 

* These studies were aided bj grants from the Rockefeller Foundation, the James 
Hudson Brown Fund of the Yale School of Medicine, and the Williams-'Waterm'in 
Fund of the Research Corporation 
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catalyzed reactions between ammo acid amides and keto acids has been 
postulated recentlj’- (11) m order to explam the effect of pyrni ic acid in 
acceleratmg the desamidation of glutamme and asparagme by hver ex- 
tracts 

In the present communication, additional evidence is offered for the 
possible participation of acylated dehi'droammo acids m metabolic re- 
actions The data presented in this paper show that sex’eral acetylde- 
hydroammo acids are metabohzed bj’^ gron mg cultures of Eschericha coh 

Absorption Spectra of Acctyldehydroamino Acids — ^The study of the 
biochemical transformation of the derivatives of acrj’^hc acid is notably 
facihtated by the characteristic ultraxuolet absorption spectra of this 
group of compounds Thus, Warburg and Chnstian (12) were able to 
employ the selective absorption at 2100 A of phosphoenolpyrunc acid 
as an index of the formation or disappearance of this substance m the 
presence of enolase Similaily, Cartel and Gieenstem (13) have followed 
the action of dehi'dropeptidase on glycjddehydroalanme bji- means of a 
spectrophotometric method m which there is measured the rate of the 
disappearance of the absorption at 2400 A 

For the spectrophotometric study of the biochemical transformation of 
denvatives of ammoaciylic acid, the aromatic members of this group are 
especially suitable As is well knonm, tjwosme exhibits characteristic 
absorption bands m the near ultraxnolet region of the spectrum The 
position m the wave-length scale and the magmtude of the maxima of these 
bands depend on several factors, notabty the pH of the solution (14) 
However, when a,/3-unsaturation is piesent m an acyl derivative of one of 
these aromatic ammo acids, the observed absorption spectrum is markedly 
different from that foi the parent ammo acid denvative This is illus- 
trated m Fig 1, where the absorption spectra of acetyldehydrotyrosine and 
acetyltyrosme aie compared m both acid and alkaline solutions As m the 
case of the tjwosme derivatives, the comparable denvatives of pheml- 
alanme and dehydrophenjdalanme show appreciable differences m the 
position and magmtude of them absoiption maxima (c/ Table I) The 
marked mcrease in the molecular extmction coefficient and the shift to a 
longer u ave-length, caused bj’^ the mtroduction of a double bond m conju- 
gation mth the benzene img, may be attnbuted to the greater resonance of 
the dehydro compound, as compared mth the parent acylamino acid 

The mtense absorption of the aromatic acyldehj’^droammo acids m the 
near ultraviolet makes them valuable for biochemical studies, especially 
m the presence of tissue extracts which absorb strongly at na\ e-lengths 
near 2400 A, where the aliphatic dehydroammo acid derivatives shon 
selective absorption For this reason, studies on the purification and 
properties of dehydropeptidase, nhicb have been under way m this labora- 
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toiy.i have involved the use of glycyldehydiophenylalanme as ‘^the sub- 
strate 

In Fig 1, the absorption spectra of p-hydroxyphenylpyioivic acid are 
mcluded The coincidence m position on the wave-length scale of the 
absorption maximum of the keto acid at pH 2 vith that of acet 3 dtyi osine, 
and at pH 11 with that of acet 3 ddeh 3 ^drotyiosme, may be taken as an 
expression of the pronoimced enohzation of the keto group m alkaline 
solution 



Fig 1 Absorption spectra of acetyldeh 3 'drot 3 rosine and related compounds in 
acid (pH 2) and alkaline (pH 11) solution Curves 1, a and 1, h, acetyldehj droty- 
rosine, Curves 2, a and 2, h, p-bydroxypbeaylpyruvtc acid, Curves 3, a and 3, b, acet} 1- 
n-tyrosine 


The position and magmtude of the maximum extmction coefBcients of a 
number of acetyldehydroammo acids and their denvatives are given in 
Table I, and provide the basis for the quantitative data which are presented 
m what follows 

Transformation of Acetyldehycholyrosine by Escherichia coli — In a pre- 
vious communication (18) it was shovn that a tyrosineless mutant of 
Escherichia coli (strain 58-5030) cannot utihze acet 3 ddeh 3 'drot 3 ’Tosme or 
acetyl-L-t 3 ’-rosme for growth on a t 3 Wosme-deficient medium However, 
when acetyldehydrotyrosme was present m a medium containing l- 
tyrosme, thus permitting bactenal grow^th, it was found that the E coh 
caused the disappearance of the charactenstic absorption of the acet}!- 
dehydroammo acid at 3050 A The further study of this phenomenon 


* Yudkin, W H , and Fruton, J S , unpublished experiments 
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involved tlie use of a strain of E colt (K-12) ■whicli will grow on a mediuiQ 
containing glucose, asparagine, and salts (19) 

The data m Table II show that incubation for 48 hours at 25° has re- 
sulted in ahnost complete disappearance of the characteristic band of 
acetyldehydrotyrosme in acid solution This result was noted not onlj’- 
with the bactenal strams K-12 and 58-5030, but also with stram 58-278, 
which IS a phenylalamneless mutant of Eschenchm coh 


Table I 

Molecular Exitnchon Coefficients of Acelyldehydroannno Acids and Related Compounds 


Substance 

Wave length 

grrn 

pH 2 

• 

sz 

pH 11 

Acetyldehydrotyrosme HjO (2)t 

A 

3050 

21,100 



3300 


23,050 

Acetj'l-ii-tyrosine (15) 

2760 

1,605 



2925 


2,200 

p-Hydroxyphenylpyruvic acid (16) i 

2800 

4,900 



3300 


7,250 

Acetyldehydrophenylalamne (3) 

2825 

15,400 



2725 


13,840 

Acetyl-L-phenylalamne (IS) 

2575 

250 

240 

Phenylpyruvic acid (17) 

2875 

1,290 


Acetyldehydroleucme (6) 

2400t 

4,360 


Acetyldehydroalamne (4) 

2400 

4,600 



* Deternuned by means of a Beckman ultraviolet Bpectrophotometer 
I The figures in parentheses refer to bibliographic references 
t No distinctive absorption band was noted in the spectrum of this compound 
The extinction coefiicient at 2400 A thus does not represent the value for an absorp 
tion maximum 

The question may be raised as to whether the transformation of acetyl- 
dehydrotyrosme IS a property of actively grovang Eschenchm coh or whether 
“restmg” cells are also capable of effectmg this reaction An expen- 
ment was accordmgly set up m which stram K-12 was moculated mto a 
mimmiiTTi medium and grown for 48 hours at 25° The cells w^ere then 
harv^ested by centrifugation, and resuspended m 10 cc of a medium con- 
tammg salts and 2 mg of acetyldehydrotyrosme, but no sugar or aspara- 
gine This suspension was mcubated for 48 hours at 25°, together with 
appropnate controls contammg no acetyldehydroammo acid Acidified 
filtrates were prepared m the manner descnbed m Table 11 and the absorp- 
tion at 3050 A. was then determmed In contrast to the nearly complete 
disappearance of the absorption at 3050 A observed for the acid filtrates 
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obtained with actively growing bacteria, only a sbgbt decrease (12 per 
cent) was noted m the case of the “resting” cells It would appear, 
therefore, that the conversion of the acetyldehydroamino acid is associated 

Table II 

Effect of Bschenchta colt on Acetyldehydroamino Acids 
Escherichia colt were inoculated into 10 cc of a minimuin medium contaimng 2 mg 
of the acetyldehydroamino acid In experiments with the bacterial strain 58-5030 
(tyrosineless), 0 1 mg of nn-tyrosine and 0 01 -y of biotm were also present, while, 
in the case of strain 58-278 (phenylalantneless) , there were added 0 1 mg of dl phenyl- 
alamne and 0 01 7 of biotin The tubes were incubated at 25° for 48 hours After 
this time, 2 cc of 20 per cent trichloroacetic acid were added and the suspension was 
filtered by gravity into a 250 cc volumetric flask The solid matter on the filter was 
washed thoroughly nith water, and the combined filtrate and n askings were diluted 
to 250 cc Control experiments were set up in which the medium contained no 
acetyldehydroamino acid These were treated as above and the filtrates were used 
as comparison blanks in the Beckman spectrophotometer Further controls were 
run in which the media contaimng acetyldehydroamino acid were not inoculated 
with bactena These were incubated as above and, after acidification and dilution 
to 250 cc , were read in the spectrophotometer against a sample of the acidified and 
diluted minimum medium to which no acetyldehydroamino acid had been added 




Optical densit) of diluted 

Acetyldehydroamino acid 

Inoculum 

acid filtrate 



Wave length 

Los 1/1 1 

Acetyldehydrotyrosine 

None 

A 

3050 

0 702 



2760 

0 352 

tl 

E coh (68 5030) 

3050 

0 021 



2750 

0 066 

ti 

“ “ (K-12) 

3050 

0 034 



2750 

0 070 

(( 

“ “ (58-278) 

3050 

0 033 



2750 

0 072 

Acetyldehydrophenylalamne 

None 

2825 

0 608 



2575 

0 332 

tf 

E colt (K-12) 

2825 

0 542 



2575 

0 316 

Acetyldehydroleucine 

None 

2400 

0 194 

tt 

E coh (K-12) 

2400 1 

0 188 

Acety Idehydroalanine 

None 

2400 

0 242 

tt 

E coh (K-12) 

2400 1 

0 025 


With metabohc processes which proceed dunng the period of active bac- 
teml growth 

That the transformation of acetyldehydrotyrosine occurs dunng the 
period of growth is further mdicated by the data presented m Table III 
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Comparison, at different time intervals follo\vmg inoculation of the medium, 
of the extent of growth and the extent of conversion of acetyldehydro- 
tyrosme shows that nearly all of the acetyldehydioammo acid has disap- 
peared when the bacterial growth has attamed a half maximum value 
Effect of Escherichia coh on Other Acetyldehydroamino Acids — It vull be 
noted from the data presented m Table II that, m contrast to acetylde- 
hydrotyrosme, acetyldehydrophenylalanme is metabolized only slightly 
by growing Escherichia coh undei the conditions of these experiments 
Under similar experimental conditions, the absorption of acetyldehydro- 
leucine at 2400 A is not decieased appieciably folloiving mcubation vith 
E coll, and it would appear, therefore, that this aliphatic acetyldehydro 


Table III 

Relation of Bacterial Growth to Conversion of Acetyldehydrotyrosine by Escherichia coh 


Time after inoculation 

Bacterial growth 

Optical density of 
diluted acid 61tratc 
at 3050 At 

Conversion of 
dehydro compound 


Density* 


hrs 


per cent 

los J/U 

per cent 


0 


0 675 

0 

23 66 




7 4 

28 


26 

i 

18 1 

31 66 


41 


72 3 

35 75 


62 


94 4 

_ 48 




97 6 


* Determined by means of an Evelyn photoelectric colorimeter 
t The diluted acid filtrates v ere prepared as descnbed in Table I Their ultra- 
violet absorption spectra uere determined uith, as comparison blanks, solutions 
obtained from bacterial cultures of the same age, but to nhich no acetjldehydro 
tyrosine had been added initially The extent of bacterial gron th n as found to be 
the same in the presence or the absence of the dehydro compound Under these 
expenmental conditions, therefore, this substance does not exert a detectable inhibi 
tory effect on the growth of strain K-12 of Escherichia coh 

ammo acid is more resistant to bacteiial action On the other hand, 
acetyldehydroalanme is readily metabolized by growing E coh, as judged 
by the disappearance of the band at 2400 A 

Isolation of Metabolic Product Derived from Acetyldehydi otyrosine — The 
exammation of the spectrophotometric data m Table II offers some in- 
formation as to the possible fate of the acetyldehydrotyrosme metabolized 
by the growing bactena It vnll be noted that, at the end of the mcubation 
penod, the absorption at 2750 A is notably higher than that at 3050 A 
Indeed, the complete absoiption curxe foi the diluted acid filtrate has its 
- maximmn near 2750 A In alkahne solution, the maximum is shifted to 
2900 A Qualitatively, these data suggest that acetyldehydrotyrosme 
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has been converted, m large part, to a derivative of tyrosine, since the 
mavima neai 2750 A (in acid) and near 2900 A (in alkah) appear to be 
charactenstic of such phenolic compounds The presence of an appre- 
ciable quantity of p-hydroxyphenylpyruvic acid would appear to be ruled 
out by the negligible absorption at 3300 A m alkalme solution Therefore, 
if hydrolytic cleavage of acetyldehydrotyrosme to the keto acid had been 
effected by the bacteria, this product must have undergone further trans- 
formation 

In order to determme more defimtely the fate of the acetyldehydrotyro- 
sme, an attempt v as made to isolate a distinctive metabohc product fiom a 
large scale mcubation mixture 2 hters of minimum medium contaimng 
400 mg of acetyldehydrotyrosme were moculated vith Escherichia call 
(strain K-12) and incubated at 25° for 48 hours The mncture was then 
acidified and concentrated to a volume of 100 cc under reduced pressure 
at a bath temperature of 40-45° The concentrate was extracted vnth 
ten successive 75 cc portions of ethyl acetate and the combined ethyl 
acetate extract was evaporated to dryness The residue was dissolved in 
hot water, treated mth charcoal, and the partially decolorized filtrate 
was concentrated to a volume of 5 cc Upon chillmg this solution, 148 mg 
of rod-shaped crystals were obtamed which, after recrj’-stallization from 
water, had a melting point of 133-134° On analysis, the substance v as 
found to contain 57 51 per cent carbon, 5 26 per cent hj^drogen, and 6 81 
per cent nitrogen The recrystallized product, obtamed m another 
isolation experiment by the procedure outhned above, melted at 132-133° 
and gave analytical values of 57 42 per cent carbon, 5 27 per cent hydrogen, 
and 6 78 per cent mtrogen The sodium fusion test for the presence of 
sulfur or halogen proved to be negative If it is assumed that the isolated 
material contams only carbon, hydrogen, nitrogen, and ox3’^gen, the ana- 
lytical data cited above agree satisfactorily mth the empincal formula 
C10H11O4N (theory, carbon 57 41 per cent, hydrogen 5 31 per cent, nitrogen 
6 69 per cent) Free ammo groups v ere found to be absent as judged by 
the Van Slyke mtrous acid method (leaction period, 20 mmutes) The 
absence of titratable carboxyl groups was established by titration intli 
0 01 N alcohohc KOH, vith methyl red or brom-thymol blue as the indi- 
cator A 1 per cent solution of the substance m v ater has a pH of about 4 
The substance gave a red color vuth the jMillon reagent, and a violet color 
Avith feme chloride A 1 2 per cent solution of the product m vater failed 
to exhibit any optical rotation v hen examined m a 1 dm polarimeter tube 

The exammation of the ultraviolet absorption spectrum of an aqueous 
solution containing 0 055 mg of the substance per cc [cf Fig 2) shon ed a 
maximum, m acid solution (pH 2), at 2725 A (log I /la = 0 325) and, in 
alkaline solution (pH 11), at 2875 A (log I /la — 0 672) If the empincal 
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tenstic selective absorption of these substances in the ultraviolet region of 
the spectrum In the case of the bacterial conversion of acetyldehydro- 
tjTOsine, there appears an appreciable quantitj’- of a nitrogenous phenol 
whose structure remains to be elucidated 
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Proger and his coworkers liave reported that intravenously adminis- 
tered cytochrome c is capable of mitigatmg the physiological effects of 
anoxia (1-5) In view of these reports it was thought that cj’’tochrome 
c might be of value m prei enting cyanide mtoxication Albaum, Tepper- 
man, and Bodansky (6) shoved that sodium C3mnide (5 mg per kilo) 
injected mtraperitoneally produced a 50 per cent inhibition of lat brain 
cytochrome oxidase Inci easing the mtracellulai concentration of cyto- 
chrome c might, conceivably, raise the level of respiration through the 
unmhibited fraction of the cytochrome oxidase in ammals so poisoned 
Expenments designed with this idea in mmd failed to demonstrate, as 
will be shown below, any effect of cytochrome c in cyanide-poisoned lats 
Further work vas then earned out m an attempt to confirm two findings 
which Proger and his gioup had reported, A\hich vere susceptible of ob- 
jective and quantitative measurement These vere the effects of C3'to- 
chrome c on the organ content of easily h3’^drol3’^zable phosphorus and the 
survival tunes of anoxic rats 

The resynthesis of adenosme tri- and diphosphate from aden3'hc acid 
and morganic phosphate is coupled to oxidative processes (7) and should 
be dunmished undei conditions of anoxia The organ content of adenosine 
tn- and diphosphate parallels the content of easib-- hydrolyzable phos- 
phorus (7-9) Further, undei conditions of anoxia the blood level of lactic 
acid mcreases (10) In our experiments the amount of easil3' hydroh zable 
phosphorus of heart and kidney, the blood lei el of lactic acid, and the meas- 
urement of sunuval times were used to determme the effect of anoxia on 
rats and to measure the i alue, if an3% vhich 03 tochrome c has m the treat- 
ment of anoxia 


Materials and Methods 

Rats — ^Wistar stram vhite lats vere used These vere mauitained on 1 
diet of Games’ dog “krunchon” supplemented by meat, fruit, legetahles, 
milk, and cod liver oil 
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Phosphorus — ^Easily hydrolyzable phosphorus was determmed by meas 
unng the amount of inorganic phosphate released after 7 minutes hydiolysis 
at 100° m 1 N sulfuric acid Analyses, before and after hydrolysis, i\ ere 
earned out by the method of Fiske and Subbarow (11) All analyses 
were peiformed’^m duplicate and the average difference between duplicates 
was 0 7 per cent, with a standaid deviation of 1 36 per cent 
Lactic Acid — Lactic acid was determmed by the method of Baikei and 
Summerson (12), modified to the extent that the concentrated sulfiinc 
acid was added, with mechanical stiirmg, to the sample m'an ice bath 
and the copper-calcium precipitation was ehmmated 
The average difference between duplicates w'as 1 5 per cent, with a 
standard deviation of 2 2 per cent The use of mechanical stiirmg in 
place of hand shaking made the procedure much less tedious and gave more 
uniform mixmg The mean value for blood lactic acid found in fi\ e normal 
rats, 3 months old, was 30 8 mg per cent w’hen determined directly on the 
trichloroacetic acid filtrate and 30 4 mg per cent after copper-calcium 
precipitation 

Cytochrome c — Cytochrome c w'as prepared according to the method of 
Keihn and Hartree (13) from beef hearts The dialyzed solution was at 
first kept at 4° wuthout a preservative Bactenal grow’th w'as soon noted 
and the cytochrome c w^as repunfied, dned from the frozen state in vacuo, 
and kept at 4° The enzymatic actnity w'as tested accoidmg to the pro 
cedure used by Keihn and Haitiee (13), with both ascoibic and succinic 
acids as substrates and rat brain homogenate as a source of cytoclirorat 
oxidase With ascorbic acid as substiate the cytochiome c prepaiation 
showed an average oxygen uptake of 263 c mm of oxi-^gen pei hour per mg 
of cytochrome c under the following conditions 38°, pH 7 4, total volume 
of reactants 3 0 ml , contaimng 29 2 mg of fresh homogenized rat brain 
Under the same conditions, but wuth succmic acid as substrate, the average 
oxygen uptake was 101 c mm of oxygen per hour per mg of cytochrome c 
The punty of the cytochrome c preparation was tested w ith a Beckman 
photoelectric spectrophotometer and the extmction coefficients given by 
Rosenthal and Drabkm (14) The value for the ratio of the extinction at 
550 m/i to that at 535 m^ for reduced cytochrome c m 0 2 n sodium hydrox- 
ide was 3 86 Rosenthal and Drabkm reported 3 89 for this ratio The 
concentrations of all cytochrome solutions used w'eie determined by 
spectrophotometnc analyses In convertmg spectrophotometnc values to a 
weight basis, 16,500 was used as the molecular wmght of cytochrome c 
Iron analysis of the cj-tochrome c preparation, after repunfication, by 
the method of Drabkm (15) and also by sulfunc acid-hydrogen peroxide , 
digestion, gave an iron content of 0 349 per cent 
An aqueous solution of the cytochrome c preparation contammg approxi- 
mately 0 5 per cent sodium chloride was used for m]ection 
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Oxygen — Cylmdei-s of 3 per cent oxygen-97 per cent nitrogen i\ere used 
(Matheson) .Analysis of the gas in the Van Slyke manometnc apparatus 
(16) gave values of 3 9 pei cent ovygen and 96 1 per cent nitrogen The 
gas present m the liter bottle after a rat had been in it for 8 minutes, under 
conditions of flou used in the experiments, was also analyzed The ai ei- 
ages of tliiee analyses m ere 3 5 per cent oxygen, 0 9 per cent carbon dioxide 
and 95 6 pei cent nitrogen 

Foi the smvival expenments a lowei percentage of oxygen vas needed, 
and this was obtained by diluting 7 parts of the 3 9 pei cent oxygen with 
2 parts of 100 pei cent mtrogen The mix'tuie vas made b 3 '^ means of the 
flowmetei’s removed from a “midget kinet-o-meter” anesthesia machine 
(Ohio Chemical and Manufactunng Company) This mixture, analj zed 
m the I'an Slj'’ke manometnc apparatus, consisted of 2 S per cent oxj^gen 
and 97 1 per cent mtrogen 

Respirator — The respirator (Marco air pump, model B2, J B Mans 
Company, Bloomfield, New Jersey) dehvered gas at a pressuie of 80 
mm of water through a tracheal cannula, and was run at 100 circles per 
mmute Expiiation v as passive 

Trtchloroacelic Acid — Baker’s cp, analyzed matenal vas used 5 
per cent solutions vere made up fieslilj'^ each morning and kept in the 
refiigerator until used 

Sodium Penlobaihiial (Nembutal, Abbott)— X solution contaimng 60 
mg per ml of nembutal in 10 pei cent alcohol, marketed as "vetennaiy 
nembutal,” was used A dosage of 45 mg p^t" kilo vas given mtrapen- 
toneally 

Sodium Cyanide — Baker’s cp material was used Titration against 
silver mtrate showed it to be 95 7 per cent sodium cyanide The dosage 
was always calculated in terms of cyanide ion and solutions for use were 
made freshly each da 3 " 


EXPERIMENTAL 

Cytochrome c and Cyanide 

Experiment I Nembutal Anesthesia, Easily Hydrolyzable Phosphorus 
and Lactate — Paired, httei mate wliite rats of the same sex and between 

4 and 6 months old w'ere used m this experiment Each rat of a pair wa=! 
anesthetized with nembutal and, after J2 minutes, one (test) was giien 
cytochrome c (20 mg pei kilo, solution contaming 10 mg per ml ), and the 
other (control) was given an equal i olume of 0 85 per cent sodium chloride 
solution, b 3 ’^ injection With the exception of the nembutal, all injections 
m this and subsequent expenments were made into the femoral lein 

5 mmutes aftei the injections mtratracheal artificial respiration with an 
ivas started This was necessar} because injections of sodium C 3 anide w ere 
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follo\\ ed almost immediately by a brief tachypnea, and then by a period 
of apnea lastmg 1 or 2 minutes Admmistration of 5 per cent carbon 
dio\ide without artificial lespiration did not prevent the apnea Arti- 
ficial respiration made it possible to assume that the effects measured v ere 
due to cyanide and not to anoxia 10 minutes aftei the cytochrome c 
or saline injections sodium C 3 mnide (1 1 mg of C 5 mnide per kilo, solution 
containing 2 2 mg of cyanide per ml ) was injected intiavenously over a 

Table I 

Effect of Cyanide on Blood Lactate and 7 Minute Kidney and Heart Phosphorus in Rats 
vnth and unthout Previously Injected Cytochrome c 
Each set of rats was of the same litter and sex Group 1 was given 2 ml per kilo 
of 0 85 per cent sodium chloride solution, Group 2, 20 mg per kilo of cytochrome c 
(10 mg per ml ) All rats received 1 1 mg per kilo of CN (2 2 mg per ml ) Corre 
lation of litter mates was taken into account in the test of significance 



Weight of rats 

Sex 

Blood lactate 
per 100 ml 

Kidiie\ 7 min P per 
100 gm fresh tissue 

1 Heart 7 nun P per 
100 gm fresh tissue 


Group 1 

Group 2 


Group 1 

Group 2 

Group 1 

Group 2 

Group 1 

Group 2 


gm 

l« 


mg 


mg 

mg 


mg 

1 

277 

292 

M 

58 0 

45 4 

8 3 

6 5 

16 7 

15 6 

2 

363 

310 


44 3 

62 7 

7 3 

9 8 

18 7 

14 5 

3 

345 

377 

« 

39 1 ! 

76 3 

10 1 

9 0 

22 4 

15 3 

4 

324 

308 

« 

1 

59 3 

63 4 

9 3 

12 3 

19 2 

17 9. 

5 

230 

215 

F 

97 6 

101 0 

8 1 

8 5 

18 6 

11 8 

6 

1 223 

235 


101 0 

63 6 

9 6 

10 2 

16 2 

16 2 

7 

303 

316 

M 

54 7 

54 5 

6 3 

8 8 

13 0 

14 1 

8 

227 

208 

F 

49 5 

85 2 

4 4 

3 6 

11 3 

9 1 

9 

373 

355 

M 

37 6 

68 4 

8 6 

7 4 

18 4 

14 3 

10 

335 

330 

H 

84 8 

46 5 

7 6 

7 5 

10 9 

16 1 

11 

275 

270 


60 2 

47 6 

8 6 

8 1 

15 4 

17 9 

12 

290 

282 

« 

63 9 

64 8 





Mean of differences, Groups 







2 and 1 



2 45 

0 32 

-1 64 

P 




0 74 

0 53 

0 18 


10 mmute period Dunng the infusion the abdomen v as opened Imme 
diately on completion of the cyanide injection, the left kidney vas clamped, 
excised, and weighed on a torsion balance and then homogenized m 100 
ml of cold 5 per cent trichloroacetic acid m a Waring blendor for 2 minutes 
The interx al from the time the kidney xx as clamped until it xx as placed m 
acid x\ as alxvays 30 seconds 0 5 ml of blood xxas taken from the heart 
and delixeied into 50 ml of 5 pei cent tiichloroacetic acid The heart 
xxas then excised, xx'eighed, and placed in WO ml of cold 5 per cent tri 
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chloroacetic acid in the Waring biendor minutes after the kidney had 
been clamped, and homogenized foi 2 minutes The heart and kldne^ 
liomogenates ere (iltei ed, and the filtrates analyzed for easilj'^ hj^drotyzable 
phosphoiais, the filtiate of the blood i\as analyzed foi lactate 

It Mas necessarj' to contiol the time inteivals at iihich the organs Mere 
lemoved and the tiichloioacetic acid homogenates prepaied, because the 
labile phosphorus compounds aie unstable and appreciable breakdown 
can be detected in dog biam Mithin 5 seconds of its removal from the 
animal (8) 

RcsidLs — The lalues found m this expeiiment aie presented m Table I 
The differences betMeen the lesults on the test and contiol ammal of 
each pan of littei mates M'eie found, and fiom these diffeiences the value 
of FisheTs t and the conespondmg value of P (17), lepiesentmg the prob- 
ability that the obsened diffeiences Meie due to chance, were determined 
The piobabilities m Table I indicate that there are no significant diffeiences 
betMeen those members of the pans gnen c^tochiome c and those gneii 
saline 

For comparison, the average aalues of easily hydi otyzable phosphoius 
of kidney and heait and of blood lactate in six lats tieated exactly as 
the control, except that they neie given saline in place of cyanide as mcII 
as in place of c^dochiome c. Mere as folloMs kidnej^ 7 minute phosphoius, 
11 0 mg per 100 gm of fiesh tissue, heart 7 minute phosphorus, 21 4 mg 
per 100 gm of fresh tissue , blood lactate, 23 1 mg per 100 ml of blood 

With the dose of cyanide given none of the ammals died before the 
heart was excised, although the heai t late dropped horn about 400 to about 
150 per mmute during the cyanide infusion 

Cytochrome c and Low Oxygen Mixtures 

Experiment II Nembutal Anesthesia, Easily Hydrolyzable Phosphorus 
and Lactate — This M^as similai to Expeiiment I, but cyanide Mas omitted 
and artificial respiration Mith 3 9 per cent oxygen Mas gn en for 5 mmutc^ 
instead Triplet httei mate rats of the same sex, betv een 2 and 4 months 
old, M'ere used One lat of each set (designated as Gioup 1 in the table''' 
served as the contiol and Mas given 0 85 per cent salme and then arti 
ficial respiiation with air The second rat (Group 2) was given 0 85 
per Cent saline and subjected to artificial respiration Math 3 9 per cent 
oxygen The third rat (Group 3) receiv ed cj tochrome c (22 8 mg per 
kilo, solution containing 11 4 mg per ml ) and was subjected to artihti il 
lespiration with 3 9 per cent oxj’^gen The salme or cv tochrome < v\ i" 
given 12 minutes aftei the nembutal, and iitificiil rc'-pii itioii with in or 
3 9 per cent oxj'gen vv as begun 10 minutes ifter tiie s dine oi i v toiliromt r 
injection The v olume of the salme or cvtochiome c solution injected w i- 



282 


CTTOCHBOME C AND CYANIDE POISONING 


20 ml per kilo Tissue homogenates were prepared according to the 
same schedule that was used m Expemnent I 
Results — ^The results are shown m Table II Differences betw^een the 
values found m Groups 1 and 2 and the correspondmg P values show a 
highly significant difference between the two populations, indicating that 

Table II 

Effect of Exposure to S 9 Per Cent Oxygen on Blood Lactate and ^ Minute Kidney and 
Heart Phosphorus in Rats with and without Previously Injected 
Cytochrome c (Nembutal Anesthesia) 

Each set of rats was of the same litter and sex Group 1 was pretreated with 
saline, then given artificial respiration with air, Group 2 was pretreated with saline, 
then given artificial respiration with 3 9 per cent oxygen, Group 3 was pretreated with 
cytochrome c, then given artificial respiration with 3 9 per cent oxygen Correlation 
of litter mates was taken into account in the test of significance 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Rat weight 


Blood lactate per 100 ml 


Kidney 7 mm P per Heart 7 min P per 
100 gm fresh tissue 100 gm fresh tissue 




mg 

19 2 
16 7 

18 9 
18 2 

14 0 

15 3 
LI 4 

19 0 
14 9 
[8 1 



the effects of the low oxygen mixture on the phosphorus and lactate values 
are real Differences betxveen values found m Groups 2 and 3 give P 
values show'mg no significant difference betxveen these members of the 
set, mdicating that there is no evidence that cytochrome c is more ef- 
fective m preventing the measured effects of 3 9 per cent oxygen than is 

Experiment III Ether Anesthesia, Easily Hydrolyzable Phosphorus 
and Lnetote— This experiment wms performed to elunmate the possibility 
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that the nembutal may have interfered vith oxygen utilization by the 
lat Jovett and Quastel (18) have shown that the oxygen uptake of rat 
bram slices is dimimshed b 3 ^ about 10 per cent when phenobarbital is 
present m concentrations roughly equivalent to that necessary to produce 
narcosis in vivo The same workers reported (19) that ether, m con- 

Table in 

Effect of Exposure to S 9 Per Cent Oxygen on Blood Lactate and 7 Minute Kidney and 
Heart Phosphorus in Rais with and without Previously Injected Cytochrome 
c (Ether Anesthesia) 

Each set of rats v as of the same litter and sex Group 1 was pretreated v ith 
saline, and remained in air, Group 2 was pretreated with saline, then placed in 3 9 per 
cent oxygen, and Group 3 nas pretreated with cytochrome c, then placed in 3 9 
per cent oxygen Correlation of litter mates was taken into account in the test of 
significance 


Set 

No 

Rat weight 

Sex 

Blood lactate per 100 ml 

Kidney 7 mm P per 
100 gni fresh tissue 

Heart 7 mm T per 
300 gm fresh tissue 

Group 

1 

Group 

2 

Group 

3 

Group 

Group 

2 

Group 

3 

Hj 

Group 

2 

Group 

3 



Group 

3 


g/rt 

gm 

gm 


mg 

mg 

mg 

m 


mg 

mg 

mg 

mg 

1 

218 

211 

231 

M 

18 4 

140 0 


7 6 

7 2 

4 6 

21 1 

16 6 

16 2 

2 

215 

185 

174 

it 

39 2 

120 0 


7 7 

5 9 

3 9 

19 8 

11 0 

13 4 

3 

215 

217 

215 

“ 

35 0 

152 0 

185 0 

6 6 

2 8 

3 4 

17 7 

12 3 

11 0 

4 

150 

166 

166 

F 

43 9 

141 0 

136 0 

9 0 

7 5 

7 8 

19 9 

17 3 

14 7 

5 


143 

130 

U 


128 0 

141 0 


5 7 

7 2 


13 1 

9 1 

6 


170 

168 

u 


188 0 

161 0 


6 9 

4 7 


14 9 

14 9 

7 

172 

144 

148 

tt 

39 6 

135 0 


6 5 

3 7 

4 0 

19 6 

21 4 

17 4 

8 

246 


194 

M 

24 4 

135 0 

137 0 

5 5 

5 3 

3 8 

20 5 

16 6 

13 7 

9 


155 

166 

ii 


126 0 

104 0 


4 5 

7 3 


16 6 

13 1 

10 


165 

163 

F 


184 0 

164 0 


3 8 

6 6 


14 6 

17 3 

11 

171 


165 

(( 

52 8 


187 0 



6 0 

21 2 

91 

14 X 

Mean of 

differences. 

110 8 


- 

-2 37 


-5 07 


Groups 2 and 1 

P 





0 025 




Mean of 

differences. 

- 

■0 64 



0 27 




Groups 3 and 2 

P 


>0 90 



0 68 





centrations similar to those found m the blood m surgical anesthesia, 
does not sigmficantlj'^ impair the oxygen uptake of rat brain or In er slice' 
In this experiment the rats were anesthetized only for the period required 
to give the saline or cytochrome c injections Vrtificial respiration va' 
not used 

Sets of triplet litter mate rats of the same sex, fasted o\ ermght, v ere 
used These rats vere about 3 months old The first rat (Group 1) 
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as given 0 5 ml of salme and permitted to breathe air The second rat 
(Group 2) received 0 5 ml of saline, and aftei 10 mmutes vas placed in a 
]ar contammg 3 9 pei cent oxj’’gen \nth the gas flowing through the jar at 
300 ml pel mmute The third lat (Group 3) was given 0 6 ml of salme 
contammg 5 7 mg of cjdochrome c and placed m the jai contammg 3 9 
per cent ovj'^gen aftei 10 minutes 18 mmutes after the saline or cvto- 


Table IV 


Surviial Time of Rats in 2 S Per Cent Oxygen imth and without Preinously 
Ingcclcd Cytochrome c 


Group 1 was pretreated with saline. Group 2 was pretreated with cytochrome c, 
both rats were placed in 2 8 per cent oxjgen simultaneously Correlation betw een 
members of each set due to identity of sex and similarit3' in w eight and age taken 
into account in test of significance 


Set 

No 

Rat weight 

Sex 

Survual time 

Set 

No 

Rat weight 

Ser 

Sur\i\al time 



Group 

1 

Group 

2 

Group 

1 

Group 

2 

Group 

1 

Group 

2 


gm 

gm 


»nin 

imn 


gm 

gm 


mm 

miR 

1 

84 

84 

M 

11 70 

12 48 

14 

138 

139 

F 

8 05 

11 32 

2 

122 

WSm 

« 

14 18 

9 58 

15 

182 

152 


13 42 

17 37 

3 

91 

El 


18 92 

24 90 

16 

131 

132 

H 1 

9 77 

19 28 

4 

102 j 

wm 

F 

7 00 

3 93 

17 

102 1 

92 

M 

9 57 

7 58 

5 

83 

84 

<< 

6 75 

8 75 

18 


128 

F 

11 00 

5 03 

6 

102 

99 

<i 

6 55 

11 73 

19 


126 

tt 

10 45 

8 42 

7 

84 

90 


12 37 

15 58 

20 

72 

106 

“ 

6 88 

15 35 

8 

78 

78 

M 

12 18 


21 

222 


M 

7 15 

5 30 

9 

119 

112 

t( 

5 50 


22 

218 


' <( 

17 12 

15 22 

■SI 

55 

60 

<( 

10 55 


23 

212 

210 

(( 

10 70 

12 35 

11 

95 

88 

U 

8 17 

7 13 

24 

215 

240 

(C 

13 93 

6 93 

12 

64 

69 

it 

9 30 

13 42 

25 

207 

196 

« 

7 50 

9 00 

13 

100 

82 

it 

6 13 

5 87 








Mean of differences between Groups 2 and 1 
P 


0 66 
0 45 


chrome c injections, the rats weie lemovedfiom the jar and 5 seconds later 
were decapitated Blood wms collected m a beakei contammg heparin 
The heart ivas excised, weighed, and placed in 100 ml of cold 5 per cent 
trichloroacetic acid 55 seconds aftei decapitation The kidnej’’ was m 
acid If mmutes after decapitation The prepaiation of the filtrates 
and the analyses weie perfoimed as m the pieiious expenments 
Rc<iiil/^—The results of the expeiunent, given m Table III, agam show 
that, although a significant change m the easily hydrolyzable phosphorus 
and lactate values was produced by the 3 9 per cent oxygen, cytochrome 
c was no more eSectix e than salme m prei enting these changes 
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Erpn-Uhn I I\ Sunval Timr of Rc>^ in Loic OT^g‘^v inlh end ic fhnnl 
Cgiochronir c evpenraent d-5ign<’d to detenrune vrhether rat'^ 

gi\cn c%-tochroTie r roald snraxe m an atmO'pbere of lor- ov-gea conrenr 
longer than rat^ £n\en saline \ mature containing 2 S per cent oxygen 
\x3l‘^ Used I'^cau-c the sumta' time ot rats taned too grea'Iv 'S to 420 
minute'-) m 3 P per cent ovtgen 

Paired ratt of th“ same sex age and aopr JcntL-tc i^eight bat not air-ays 
from the same litter v ere used m each e^tpenment thex- r-ere trom i to 
4 months old A pair of rats ” as anc-sthetized ^th ethe’- m E-rpernnent 
nr One nas injected uoth 0 5 ml o' saline and the other trith an equal 
X olume of solution containing 5 7 mg ot cx-toeprome c iO minutes after 
injection both rat' r ere pUced m a 5 pmt jar throagh vrhich 2 S per cent 
oxygen vas passed at 900 ml per mmute The sumral time o*^ each mt 
XX as recorded to the pomt xrhere respnation ceased 

— ^Table IV gixes the results o'" this experiment The F value 
indicate^ that there i^ no s’gmficant dilierencp m sumval tunes 

Excretion of C ytodrone c 

Expcnmciit T — Four rats xxere anesthetized rath nembutal and each 
was mjccted first xath 5 7 mg per kilo of c"tochrome c contained m 0 5 
ml of =aline, and then xnth 2 ml ot saime Fixe mts were simSarix 
treated but gixen onlx 1 14 mg per kilo ot cxtochrome c The urethrae 
V ere clamped, and 3k to 4 hours later unne was aspira^-ed from the bladder 
The unne was treated bx the method Rosenthal and Dmbkm 1141 had 
applied to tissues and the cx-tochrome c determmed spectrophotometncally 
Control solutions of unne containmg cx'to''hrome c alone hemoglobm alone 
and cytochrome c and hemoglobm were also treated m the same manner 
— In the rats gix en 5 7 mg per hlo ot evtorhrome c an ax'erag? 
of 5 4 per cent frange 4 S to OS per cent; the amo.mt admmistered 
xxas recox ered m the unne In the combmed unne samples of five rats 
each gix en 1 14 mg per kdo ot cx-tochrome c no cx-tochrome c cou’d be 
detected 

Attempts at reco erx ot siniilar quantities ot cx-tochrome c resulted m 
approximateix- 50 per cent recov erx m the presence o unne Hemoglobm 
did not interfere and xxa- cumpletelx remoxed The los'cs appamntix 
occuired dtinng filtration 

Conclusions 

The results ot this inx estigation mdicate that c.v-tochrome c admims- 
tered mtravenously, does not matenailx- aTecr the io-^eruig o. the easily 
hydrolyzable phosphorus m kidnex and heart o’- ele’ ation o blocd Fctatc 
brought about bx the administration ui exanide Fhev AsOgixen'jmdic-„- 
tion that smnlar effects produced b, anoxm are prexented bx cx-tochrome 
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c, oi that the survival tune of rats in an anoxic atmosphere is affected 
by admuustration of this enzyme Fmally, it has been shown that ap 
pieciable amounts of cytochrome c can be detected m the urine of lats 
given 5 7 mg per kilo mtiavenousl 3 '- 

Those results obtained m this investigation which pertam to the effects 
of low oxygen mixtures do not conffi-m those reported by Proger (1 , 3, 5) 

SUMMARY 

1 Cytochrome c, given intravenously, shows no effect on the decrease 
in the easily hydrolyzable phosphorus of kidnej" and heart or on the in- 
crea'^c in blood lactate produced m rats by injection of sodium cyanide 

2 Cytochrome c, ^iven mtravenously, shows no effect on the decrease 
m the easily hydrolyzable phosphorus of kidnej'- and heart or on the increase 
m blood lactate produced m rats by exposure to 3 9 per cent oxygen 

3 Cytochrome c, given intravenously, shows no effect on the sunival 
times of lats placed m an atmosphere containmg 2 8 per cent oxygen 

4 Approximatelj^ 5 per cent of an intravenous dose of 5 7 mg of cyto- 
chrome c per kilo can be recovered in the unne, none is spectrophoto- 
metncally detectable after an intravenous injection of 1 14 mg per kilo 


We are indebted to Miss E B Donohue, formerly of this laboratory, 
and to Di Margaret Merrell, of the School of Hygiene and Pubhc Health, 
The Johns Hopkins Umversity, for aid m the statistical analysis of our 
results 
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FRACTIONATION OF GROWTH-STIMULATING FACTOR 

IN LIVER* 


TORNER G JAFFEt and C A ELVEHJEM 

{From the Department of Btochemtstry, College of Agriculture, University 
of IFisconfiin, Madison) 

(Received for publication, April 14, 1947) 

In a pre\ lous papei (1) results weie presented to show that an alcoholic 
extract of hvei pioduced a pionoimced growth stimulation m rats fed a 
natural diet The results show ed that the actmU w^as not due to am of 
the know n vitamms and that j'^east did not possess similar actn ity 

Bosshaidt and collaborators have described a grow th-stunulatmg effect 
of liver in rats (2), while Zucker and Zucker (3) desenbed a syndrome m- 
volving kidnej' lesions in rats w hich w as cured w ith hvei Ln er has been 
showTi to contain factors essential for the nutrition of the monkej (4) and 
for the giowth stimulation of Streptococcus faecahs (5) 

The present im estigation w as undertaken to impro\ e the assaj’- pioceduie 
with lats and to piepare liver fractions which would show highei actmt-\ 

EXPERIMENTAL 

All the expel iments were made with male Sprague-Daw ley rats 35 to 45 
gra in w'eight Each animal was kept in a separate cage, and food and 
V ater were given ad libitum 

The ration used consisted of ivhole ground yellow com 46 35 per cent, 
commercial soy bean meal 46 35 per cent, com oil (Mazola) 5 per cent, 
cystine 0 3 pei cent, CaHP 04 0 92 per cent, CaCOs 0 60 per cent, NaCl 
(iodized) 0 44 per cent, MnSOj 4 H 2 O 0 04 pei cent 

To each kilo of this ration the follownug amounts of Autamins w ere added 
thiamme 3 mg , calcium pantothenate 20 mg , pjTidoxme In drochloride 2 
mg , chohne hydrochloride 1 gm , nicotmic acid 20 mg , folic acid 0 25 mg , 
biotm 0 1 mg , inositol 100 mg , p-ammobenzoic acid 250 mg 1 drop of 
oleum percomorphura diluted wnth 3 parts of com oil w as fed once w eekl}’’ 

* Published with the approval of the Director of the Wisconsin Agncultural Ex- 
perunent Station We are indebted to the Wander Companj , Cbcago, Rhnois, for 
finanical support, to the VioBin Corporation, Monticello, Rhnois, and the Lederle 
Laboratories Division, American Cyanamid Companj, Pearl River, New "iork, for 
liver preparations and to Merck and Company, Inc , Rahwaj , New Jersej’, for ejm- 
thetic vitamins 

t Rockefeller Foundation Fellow, Division of Medical Sciences Present address, 
Ministerio de Agrioultura, Maracay, Venezuela 
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by droppei The le’v el of nicotimc acid w as high enough to counteract the 
growth-inhibiting effect of com found by ICrehl et al (6) 

A comparison of the giowth responses of rats on this ration and on a 
synthetic lation wnth and wnthout liver supplementation is given m Table 
I The synthetic ration contamed sucrose 73, casein (Smaco) 18, com oil 
(Mazola) 5, Salts I'\'' 4 per cent, and the same vitamin supplements as used 
in the natural diet The rate of growth foi the animals on the supple- 
mented natuial ration was greater than for those on the supplemented 
synthetic ration, although the late of growth for the rats on the two un- 
supplemented diets w'as about the same Consequently, the coin-soy bean 
meal diet w as used in ah of the assai s 
Extracts of fresh livei were prepared as follow s 1 kilo of fiesh beef liver 
wms giound in a meat gnndei and mixed w'lth 2 liters of 95 per cent alcohol 


Table I 

Comparison of Giowlh Response of Hals to Liver Extract* When Fed Synthetic Ration 
Or Soy Bean Meal Corn Ration 


Group 

No of 
animals 

1 

Diet 

1 

Supplement 

Average 
weekly 
weight gain 
inSwks 

\ 


Synthetic 


25 8 

B 


<< 

Liver extract 

30 0 

C 


Soy meal corn ration 


23 5 

D 


ti it it it 

Liver extract 

33 1 


* 3 drops of an alcoholic extract of fresh liver equivalent to 0 45 gin of dried fresh 
liver were fed daily by dropper 


The mixtuie was filteied thiough cheese-cloth and the mateiial remaining 
m the cloth w as pressed in a filter press The i esidue w'as ti eated tw ice w ith 
1 liter of 60 per cent alcohol, filtered, and pressed The combined filtrates 
w ere distilled under reduced piessure to a volume of 100 ml , extracted thiee 
times with ether, and filtered Tiaces of ether w'ere removed by distilla- 
tion under reduced pressure 1 ml of this extract w'as equivalent to 10 
gm of fresh livei In the pieliminary expenments, each lat received 3 
drops of this preparation daily by dropper This intake was equal to 1 5 
gm of fresh hver oi 0 45 gm of dried fresh liver per day 
Extracts of the dry liver powders were made by mixing 1 part of the 
powder with 4 parts of water and adding sufficient 95 per cent alcohol to 
gn e a 60 per cent alcohol solution The mixture w as stiired for 1 hour and 
placed in the cold room o\ enught The insoluble material w as filtered off 
and reextracted with 60 per cent alcohol Thd liltiates were combined, 
distilled under a vacuum to a volume of 100 ihl , exti acted three times 
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\\ith ethei, and filtered The final filtrate nas concentrated under a 
vacuum to iomo\c the etliei, and the volume adjusted so that a few diops 
could be used as the dailj^ supplement All extracts ueie neutralized uith 
5 N NaOH before feeding 

Vlcohohc extracts of fiesh In ei, Ij ophilized In er (Squibb), and defatted 
whole Inei powdei (VioBm) pioduced definite growth responses in rats 
when fed at daily levels equivalent to 0 11 to 0 45 gm of diy In er (Table 
II, Groups 2, 3, 13, 14, 16) 

\ concentration of the actne material contained in these extracts was 
attempted by adsoiption on noiit (Daico G-60) 100 ml of the alcoholic 

extract weie adjusted to pH 2 with concentrated HCl, filtered, and treated 
wath 20 gm of noiit for 1 hour wath Stirling The filtrate from the norit 
was treated wath an additional 20 gra of norit and the residues were com- 
bined Most of the actn ity w as remo\ ed, smce the supernatant from the 
adsorption gave little growth, eien when fed at 4 times the original lei el 
(Table II, Group 4) The elution was carried out by treatmg the norit 
wath 150 ml of a 50 per cent methanol solution containing 10 per cent am- 
monia Smce the first eluate Qontamed little activity (Table II, Group 5), 
the elution procedure w as repeated ten times The more extensii e elution 
method remored much of the actnity from the norit (Table II, Groups 
6, 17, 18) The most actn e preparation w hich produced a grow th response 
m rats supplied approximately 2 mg of diy matter per day per rat 

Several commercial liver preparations, w hich w ere found to be inactn e 
w'hen fed to rats at lower lei els, showed good activity when concentrated 
by this procedure Among these preparations w as a Lederle In ei pow der. 
No 1432, w^hich was used in subsequent work 

Tw 0 groups of rats received an alcoholic extract of fresh hver = 0 45 gm 
of dried fresh liver per day, but the supplement of one group w'as heated in 
a boihng water bath for 15 mmutes prior to feedmg Both extracts were 
equally active m stimulatmg growth at the lei els fed (Table II, Groups 2 
and 7) 

In order to determine the minimum amount of alcoholic Iner extract 
necessary to gn e growth stimulation m rats on the mixed diet, the origmal 
preparation was diluted 1 2 and 14 3 drops daily of an extract, 1 ml of 

which corresponded to 5 gm of fresh In er, gave a maximum response, ii hile 
a preparation equivalent to 2 5 gm of In ei per ml produced nearly maxi- 
mum response (Groups 13 and 14) The amount of tins extract fed daily 
corresponded to 0 11 gm of dry livei Some of the actnity remamed in 
the residue after the alcoholic extraction, as shown m Group 15, Table II 

Bosshardt and associates (2) descnbei experiments m which thej. ob- 
sen ei improi ed grow th and utilization of food protein m rats on a casern 
diet supplemented inth 1 20 hi ei powder or a butanol extract of this po i- 
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Table II 

Growth Response tn Rats Fed Different Liver Preparations and Other Materials 


Series 

No 

Group 

No 

n 

Supplement 

Level 

Average 
gam per 
wk 

(5 wks) 

I 

1 

6 

None 


gm 

24 


2 

4 

Alcoholic extract of fresh livei 

■ ^ 0 45 gm dry liver pel 

: 32 


3 

6 

Alcoholic extract of lyoph- 

day 

^03 gm dry liver pel 

: 33 


4 

6 

ilized hver (Squibb) 
Supernatant from nont ad- 

day 

^12 gm dry liver pei 

■ 28 


6 

4 

sorption of lyophilized liver 
First nont eluate of lyophil- 

day 

S 0 3 gm dry liver pei 

• 25 


6 

6 

ized liver 

Nont eluate from lyophilized 

day 

0 3 am drv liver pei 

■ 30 

1 

1 

1 

7 ' 

4 

liver 

Alcoholic extract of fresh 

daj 

^ 0 45 gm dry liver 

33 


8 

1 

1 4 

liver boiled for 15 minutes 
Butanol extract of Lederle 

per day 

1 2 am dr\ liver per 

26 


9 

4 

No 1432 liver preparation 
Sharp and Dohme liver ex- 

day 

S 3 drops per day 

33 


10 

4 

tract, No 2505 

Sharp and Dohme liver ex- 

S 0 35 ml per wk 

33 

n 

12 

4 

tract, No 2505 injected 
None 

28 


13 

4 

Alcoholic extract of fresh i 

0 22 am dry liver per 

35 


14 

4 

liver 

Alcoholic extract of fresh 

day 

0 11 am dry hver per 

34 


16 

4 

liver 

Residue from alcoholic ex- 

day 

^3% 

33 


16 

4 

tract of fresh liver 

Alcoholic extract of defatted 

0 3 gm dry liver per 

34 


17 

4 

whole liver powder (VioBin) 
Nont eluate of fresh liver 

day 

~ 0 45 am dry liver per 

32 


• 18 

4 

“ “ “ “ defatted 

day 

~ 0 3 am dry liver per 

34 


19 

4 

whole liver powder (VioBin) 
Butanol extract from alco- 

day 

~ 0 45 am dry liver 

28 


20 

4 

holic extract of fresh liver 
Residue from butanol extract 

per day 

c^O 45 am dry liver per 

36 


21 

4 

Reticulogen, No 360 (Lilly) 

day 

S 3 drops dailj 

36 


22 

4 

Fish press water 

^03 gm dry matenal 

33 


23 

4 

Nont eluate from alcoholic 

per day 

g 0 9 gm dry hver per 

28 




extract of fresh liver stored 

6 wks * 

day 



• This solution had been highly active at the tune of its preparation 
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cler IVe piepaied a butauol e\tract of a powdered liver preparation (Led- 
erle, No 1J32) 11111011 had been shown to be active in stimulating gronth 
w hen coiicenti ated by nont adsoi ption This butanol extract ii as inactive 
in our ass xi m hen fed at a level coirespondmg to the amount of liver ii hich 
had been used foi the prepaiation of the active nont eluate (Table II, 
Group S) In anothei experiment oui alcoholic extiact of fiesh hver was 
extracted seien times nitli butanol, the butanol was evaporated, and the 
residue dissoh ed in iiatei and fieed fiom traces of butanol This extract 
w as brought to the same concentration as the residue solution v ith respect 
to fresh hvei , and both solutions ii ere fed to rats at a level of 0 45 gm of 
drj w eight of fi esh liver per da}' Only the residue solution shon ed gron th- 
stimiilating actn ity (Table II, Groups 19 and 20) 

Tvo commercial anti-pernicious anemia hver preparations nere tested, 
Shaip and Dohme, No 2505 (15 U S P units per ml) and Lilly retic- 
ulogen,No 360 (2017 S P units per ml) Both preparations shov ed full 
actn ity nlieii given at a level of 3 drops daily ^^^len given paienterally 
three times weekly, the Sharp and Dohme extract ivas equall}' active 
III the amount of 0 35 ml per w'eek (Table II, Groups 9, 10, 21) The 
possible relation of the unidentified factor stimulating rat grow th and the 
pernicious anemia factor will be tested further 

Finally, a group of lats received the basal diet supplemented with fish 
press water, since this is known to cause stimulated giowrth in chicks w'hen 
fed in addition to a soy bean-coin ration (7, 8) 0 3 gm of fish press w ater 

ivas fed daily by dropper and a growth effect similar to that caused b}' hver 
supplements ivas observed (Table II, Group 22) 

DISCUSSION 

The expenments reported m the present paper confirm our earhei findmg 
that the groivth of lats fed a diet consisting mamty of w'hole 3 'ellow com and 
soy bean meal and supplemented with all the known i itamms is increased 
ivhen an extiact of fresh livei is given The growth difference betw een the 
controls and the hvei -treated animals averaged 4 gm pei w eek on the pun- 
fied ration and 7 to 10 gm pei week ivhen the mixed ration was used 
Nevertheless, there was no significant difference m the growth of the rats 
in the control groups This difteiential effect may be due to the presence 
of smaU amounts of growth factors m the “vitamin-free” casein or to varia- 
tions in the diiect and mdirect requirement of the animals fed the tw o diets 
Spitzei and PhiUips (9) have emphasized the difference between purified 
and soy bean rations for gioivth, reproduction, and lactation Similar 
differences have been observed m the case of grownng chicks (Patton e( al 
(10), and unpublished data) 

The active factor in the alcohohe extract of hver is readily adsorbed on 
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norit, but the elution is difficult and probably incomplete The first eluate 
from the noiit contained much of the total dry matter adsorbed, but show ed 
\ ery little biological activity, whereas the subsequent treatments removed 
appioximately 50 per cent of the activity from the norit 
It ivas found that the liver extract letamed its activit 3 '’ when heated in a 
boiling water bath foi 10 mmutes How ever, it must be pointed out that 
in this expeiiment an excess of the active factor was fed, smce it was later 
established that, when an alcoholic extract equivalent to 0 11 gm of dried 
fresh liver was fed daily to rats on the coin-soy bean diet, more than halt 
maximum growrth lesulted under the conditions of the expeiiment Spon- 
taneous inactivation of some of the alcoholic liver extracts (Group 23), 
noi it eluates, and fresh liver w^as observed m several instances during storage 
in the dark and at freezing temperature for relatively shoit penods of tune 
Smce no activity w'as detectable m the butanol-soluble fi action of liver 
preparations while the extracted residue retamed activity, the active factor 
IS probably different from that of Bosshardt el al The fact that commer- 
cial concentrated anti-pemicious anemia liver preparations showed activity 
in rat gro vth wan ants further investigations The absence of growth-stim- 
ulating activity m the butanol extract is of significance m this connection, 
smce Cohn, McMeekin, and Minot repoited the anti-permcious principle 
soluble in this solvent (11) 

Fish press w'ater, wffiich stimulates grow’th of chicks w'hen fed a natural 
ration (7, 8), was active wffien tested with rats The possibility that this 
material contains a factor or factors similai to the active principle m liver 
wall be tested m further experiments 

SUMMARY 

The grow^th-stimulatmg effect of fixer extracts has been studied in rats 
fed a S 3 ’'nthetic and a corn-soy bean meal ration contammg ten B vitamins 
and C 3 stme The effect of lix er w as moie pronounced on the latter diet 
It has been shown that the active mateiial can be adsorbed on and 
eluated fiom noiit, and that it is soluble m ethanol but not m butanol 
Commercial anti-pernicious anemia fiver preparations showed consideiable 
activity A spontaneous inactivation of liver extracts w as observed after 
storage m the cold Activity xvas retained after short periods of heating 
Fish press wmter show^ed a giowth-stimulatmg activity in rats similar to 
that of liver 
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THE ELEMENTAL AND AMINO ACID COMPOSITION OF 
CRYSTALLINE CLOSTRIDIUM BOTULINUM 
TYPE A TOXIN 

Br HENRY J BUEHLER, E J SCHANTZ, and CARL LARIANNA 
{From Camp DelncL, Frederick, Maryland) 

(Received for publication, March 22, 1947) 

The isolation of CJosiudum bohthnmn t}pe A toMn m ciYstalluie foim 
(1, 2) has led to an inteiest in its chemical composition An apparent^ 
complete anal 3 'sis of the pure crystalline to\m is presented in this paper 
Prehmmary studies have indicated that the to\m is a protem with an 
isoelectric point of pH 5 6, possessmg the properties of a globulin (1-3) 
It is free from carbohj’-drate, halogens, iron, manganese, and magnesium 
In addition to caibon, h 3 ’’drogen, ox 3 'gen, nitiogen, and suhui it contains 
a small amount of phosphoms and a negligible amount of ash Nineteen 
ammo acids have been found 

The criteria of punt 3 ’’ foi the ciystallme toxin used in this v ork are 
as follows (1) Ultracentrifugation (4) and electiophoietic studies (1, 2) 
showed the to\m to be a homogeneous substance (2) Sepaiatel 3 " prepaied 
batches of toxm produced under similar cultural conditions shoved con- 
stant values for the fourteen ammo acids detemuned as an aid in studies 
of the constanc 3 ’’ of composition (3) Serological^’', the toxm acts as a 
smgle substance m the toxm-antito\in reaction 

The matenal used for these studies was prepared by the method of 
Lamanna and coworkers (1) 

EXPERIMENTAL 

Methods 

The matenal used for anal 3 ’'S!s was dried to constant weight at 100° 
under high vacuum In ever 3 " case, the sample vas dried immediatel 3 ’ 
before use Dependmg upon the anab'^sis made, the sample v as h 3 ’^drolyzed 
m (a) 10 per cent HCl, (Jo) 5 n NaOH, (c) NaOH and SnCL, (d) HCl and 
urea, or (e) HI The specific diiections foi the hydroh ses are gn en m 
the methods refeiied to m the literatuie 

The chemical procedures used and the organism or organisms emplo 3 ed 
for the microbiological assa 3 ’s are mdicated m Table I, together vith 
bibhographic references to the methods In the determinations b 3 the 
microbiological methods, five different levels of each ammo acid, repre- 
senting a 5-fold range m concentration, were subjected to analysis Each 
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of the five levels vas run m duplicate and adjusted so as to fall vithm 
the accurate range of the procedure after preliminary assay to determine the 
approximate amount of ammo acid piesent Thus ten determmations 
Mere made for each amino acid with each organism Enough toxin vas 
available to carry out an entire analysis on one batch and to determine 
fourteen ammo acids on tn o othei batches When two different orgamsras 
were used and the thiee batches were subjected to analysis, a total of 60 
determinations v as made for an individual ammo acid In the determina- 
tions by the chemical methods, thiee different levels m duplicate of the 
ammo acid being tested were subjected to analysis 

Resells 

The results are given m Table I 

Smce similar methods of analysis have been applied to crystallme 
/3'lactoglobulm by Brand et al (23, 24), then general approach to the 
problem and method of presentation of the results have been followed 
Similar assumptions are necessarily made (1) The toxm is a chemical 
compound m which the constituent ammo acids are piesent in constant 
quantities and are joined m the molecule by peptide linkages (2) The 
amide nitrogen indicates the amount of glutamine and asparagine present 
Smce it was not possible to distinguish betv een these tv o amides, and smce 
the equivalents of amide nitrogen equal the equivalents of aspartic acid, 
all of the amide nitrogen has been arbitrarily assigned to the aspartic acid 
and reported as asparagme Consequently, all of the glutamic acid is 
reported as “free glutamic” acid (3) In the interpretation of the data 
on the free amino nitiogen of the intact protein, no splitting vith the 
liberation of ieacti\e ammo mtiogen occurs durmg the determination, all 
of the e-amino nitrogen of lysme is free and rcactne and all teiminal free 
a-amino nitrogen of the peptide chains is fiee and reactu e 

Data are presented for mneteen ammo acids Hj droxyprolme vas not 
detected vhen the colorimetiic test of McFarlane and Guest (25) vas 
applied 

The partition of the nitrogen is giv en m Table I undei Determinations 
30, la, 2a, 3a, 6a, 34, and 35 This sum of 16 29 per cent agiees with the 
value for total nitrogen (16 29 percent) as detei mined by elemental analj^sis 
The value of 11 96 per cent foi peptide nitrogen obtained by subtracting 
the sum of non-a-nitrogen and free a-ammo nitrogen from the total nitrogen 
agrees veil with the value for peptide mtiogen obtained by multiplying 
the per cent vater taken up m hydrolysis by 14/18 016, which is 1207 
per cent These checks on the nitrogen distribution indicate the apparent 

completeness of the ammo acid analysis 

The sulfur partition is given under Determinations 14a + 15a and loa 
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Table I 


Composition of Clostridium botuhnum Type A Toxin 


Detcrminalion 

No* 

imiiH 

Method of detcnoination 
and btbUographic 
reference No 

Per cent of 
constituent 

Per cent 
acid 
residue 

Per cent 
N 
calcu 
latedt 

: Per cent 
S 

calcu 

latedt 

(1) 


(3) 

H) 

(5) 

(6) 

(7) 

1’ 

Lysme 

L mcsenierotdes (6) 

7 74 

6 78 

1 48 


0 

Histidine 

L mesentcroides (5), 

1 03 

0 91 

0 28 




S faecahs (6) 





{ 

\rginine 

L casei (7), S fae- 

4 62 

4 14 

1 49 




calls (6) 





4 

Tyrosine 

L caset (7), photo- 

13 50 

12 18 

1 04 




metric (8) 





5 

Phenylalanine 

L delbrueckit (6), 

1 17 

1 04 





L casei (7) 





6 

Tryptophan 

L casei (7), photo- 

1 86 

1 69 

0 25 




metric (8), S fae- 
calis (6) 





7 

Palme i 

L casei (7), S fae- 

5 29 

4 45 

0 63 



1 

calls (6) 





8 

Leucine 

S faecahs (6), L 

10 30 

8 91 

1 10 




arabinosus (9) 





0 

! Isoleucine 

S faecahs (6), L 

11 94 

10 33 

1 28 




arabinosus (9) 





10 

Glutamic acid 

L arabinosus (10) 

15 57 

13 67 

1 48 


11 

(Aspartic 

1 L delbrueckit (11), 

(20 26) 





acid)§ 

1 L mesenfcrotdeslj 





11a = 

Asparagine If 

1 

20 10 

17 34 

4 26 


11 + 30 

12 

Serine** 

L delbrueckit (11) 

4 36 

3 60 

0 58 


13 

Threonine 

5 faecahs (6), om- 

8 49 

7 19 

0 99 




dation (12-15), L 
arabinosus (16, 17) 





14 

Cysteine 

Photometric (18) 

0 268 

0 23 

0 03 

0 066 

15 

Half cystine 

“ (18) 

0 534 

0 45 

0 06 

0 142 

16 

Methionine 

L arabinosus (16, 

1 06 

0 93 

0 10 

0 228 



17), lodometric 
(19), S faecahs 
(6) 





17 

Proline 

L viesenteroides |! 

2 60 

2 19 

0 32 


18 

Glycine 

“ “ 11 

1 38 

1 05 

0 26 


19 

Alamne 

S /accafisll 

3 92 

3 12 

0 61 


20 

Total 


115 73 

100 20tt 

16 34 

0 436 

21 = 20 

Water taken 


15 53 




(Column 4 

up during 






— Column 
5) 

hydrolysis 



1 
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Table I — Concluded 


Determination 

No* ** 

(0 

Constituent 

(2) 

j—j 

Per cent of 
constituent 

(41 

22 

Carbon 

Pregl (20) 

53 73 

23 

Hydrogen 

“ (20) 

7 02 

24 

Total Ntt 

Kjeldahl, Pregl (20) 

16 29 

25 

” S 

Pregl (20) 

0 437 

26 

Phosphorus 

King (21) 

0 052- 

27 

Oxygen 

Difference 

0 059 
22 46 

14a -f 15a 

Cysteine S + 


0 208 

16a 

cystme S 
Methionine S 


0 228 

28 = 

Protein S 


0 436 

14a + 15a 
+ 16a 




29 

Sulfate S 


0 

30 

Amide N 

Diffusion (22) 

2 13 

la 

e-Amino N 


0 742 

2a 

Imidazole N 


0 19 

3a 

Guanidino N 


1 12 

6a 

Indole N 


0 12 

31 = 30 -t- 

Non-a-N 


4 30 

la+2a4- 
3a 6a 




32 = 24 - 31 

a-N 


11 99 

33 

Free ammo N 

Van Slyke 

0 771 

34 = 33 - la 

“ a-ammo 

(( 

0 029 

36 = 32 - 34 

N 

Peptide N 


11 96 

21a = 21 X 

(t it 


12 07 

N/HjO 





Per cent 
acid 
residue 

(5) 


iPer cen^ 
N 
caku 
latedf 

(6) 


t Per cent 
S 

calcu 
la ted} 

(!) 


* Values denved by calculation are designated by “a" (e g , histidine is Deter- 
mination 2, imidazole N is Determination 2a) 

I Calculated from the percentages of ammo acids found by analysis (Detennina- 

* Calculated from the percentages of ammo acids found by analysis (Determina 

T^he^arentheses indicate that aspartic acid is assumed not to be m the molecule 
Asparagine is substituted for aspartic acid 

II Unpublished work of the authors 

% All the amide nitrogen is arbitrarily assigned to asparagine 

** Corrected 10 per cent for senne destruction dunng hydrolysis 
tt The sum of the average values of the individual ammo acid f 
The ovL-ainverage deviation from the average is ±1 8 per cent, based u£n the 
v?ues of 570 deteSmnations Therefore, the sum of the annno acid residue P 
iSes W be expressed by the figure 100 24 ± 1 8 per cent 
tt Cu-Hg catalyst 
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Table II 

Apparent Number of Moles of Avnno Aetd Residues Per Mole of Clostridium, botulinum 
Type A Toxin (Mol Wt = 900,000) 


Lysine 

477 

Glutamic acid 

953 

Histidine 

60 

Asparagine 

1370 

Arginine j 

239 

Senne 

374 

Tyrosine 

672 

Threonine 

642 

Phenylalanine 

64 

Cysteine 

20 

Tryptophan 

82 

Half cystine 

40 

Valine 

406 

Methiomne 

64 

Leucine 

70S 

Proline 

203 

Isoleucine 

820 

Glycine 

166 


i 

1 

1 Alamne 

394 

Total moles 1 

7754 


Table III 

Type and Apparent Number of Side Cham Groups m Clostridium botulinum Type A 

Toxin (Mol Wt = 900,000) 


Type of group (Table I, determination No ) 

No of groups 

Hydrogen bond forming 
groups 

Cationic groups 



Guanidino (3) 

239 

239 

Imidazole (2) 

60 

60 

Ammonium (33) 

495 

495 

Total cationic groups 

794 

794 

Amomo groups 



Carboxyl (10 + 34) 

971 

971 

Total ionic groups 

1765 

1765 

Non-iomc polar groups 



Sulfhydryl (14) 1 

20 


Half disulfide (15) 

40 


Methionyl (16) 1 

64 


Indole (6) | 

82 

82 

Phenolic hydroxyl (4) 

672 

672 

Aliphatic hydroxyl (12 + 13) 

1016 

1016 

Amide (30) 

1370 

1370 

Total non-ionic polar groups 

3264 

3140 

Total polar groups 

5029 

4905 

Non-polar groups 



Hydrogen (18) 

166 


Paraffin (7 + 8 + 9 + 19) 

2328 


Benzene (5) 

64 


Pyrrolidine (17) 

203 


Total non-polar groups 

2761 
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(Table I) Methionme, cysteine, and cystme sulfur (0 436 per cent) 
account for the total sulfur as determined by elemental analysis This 
agreement indicates the accuracy of the i alues foi the sulfur ammo acids 
The apparent number of moles of each ammo acid lesidue per mole of 
to\m (mol wt 900,000) is given m Table II, and the type and apparent 
number of side cham groups in the toxin (mol ^\t 900,000) are given 
m Table III These values are calculated from the data m Table I 
Minimum Molecular Weight — Since there must be at least 1 molecule 
of each constituent ammo acid pei molecule of toxin, this point is used m 
the case of cysteine and cystine to calculate the minimum molecular weight 
of the toxin From the equation 


M (min) = 


Ri X Ml X 100 
%i 


ivhere M (mm ) is the mimmum molecular w eight of the protem and where 
Ml, per cent i, and Ri are respectively the molecular weight, the content in 
per cent, and the number of residues of an individual constituent, i, 
the minimum molecular eight of the toxin is 

ill (imn) cj Sterne basis = — — — - = 45,149 


or 

„ , ^ . , 1 X aio X 100 

ill (mm ) c> stme basis = - = 44,944 

V Oq'x 

These figures are almost exactly one-twentieth the molecular weight 
of 900,000 as determined bj’- ultracentrifugation and diffusion studies (4) 

Suggested Empirical Forimdas — If the figuie 900,000 is used as the molec- 
ular w'eight of the toxin and the results of the elemental analvsis, m em 
pineal formula may be w^ntten, 

C40,!SsH62,679Ni0,47.Oi ,634Pi6-I7Sj 

The empirical formula m terms of ammo acid residues, accordmg to 
the suggested convention (24), is as follows 

Glyito, AlajM, Vahoc, Leu708, Heus o, Pro.oj, Pbee 4 , CySH.o, (CyS— > 40 , Met 64 , Trj* . 

Arg-79, HiSso, LyS47-, (Asp-NHi)ino, Glusa, Ser574, Thre 4 , Tyr 672 

DISCUSSION 

This Avork was undertaken with the hope that the results might help 
to explam the extreme toxicity of this protem However, no obvious 
explanation was found Smee the organisms used in the microbiologica 
assays are limited m most cases to the utihzation of the natural isomers oi 
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ammo acids, it is inferred that the to\in is composed essentially of the 
L-amino acids connected through peptide linkages Ho’never, the con- 
figuration of ti}ptophan and aspartic acid could not be determined by 
the methods used, it is possible, therefore, that these two acids may be the 
D forms It may also be pomted out that aspartic acid and two hydroxy 
acids, tyrosme and threomne, are present m somewhat larger amounts 
than have been found generally m protems 

In any attempt to explain the toxicity one might considei the following 
points (1) the polai natuie of the compound, (2) the anangement of the 
ammo acids withm the molecule and the geometrical configuration of the 
protein as a ivhole, (3) the possibility of atypical peptide linkages through 
aspartic acid or glutamic acid, or both, (4) the possible presence of small 
amounts of a toxic group not detected m the analysis, (5) the large molec- 
ular weight 

The phosphorus content of the toxm is subject to some discussion 
Phosphorus has been found in all batches with some variation in content 
It appears that this element may be either an impurity earned through from 
the isolation or a slightly variable component of the molecule However, 
no detectable absorption wms evident at 2580 A, mdicatmg the absence of 
nucleic acid as an impunty 

The relatively small amount of toxin available for a complete analysis 
has necessarily limited the procedures to those in which micro quantities 
could be used The results of all microbiological assays and the chemical 
assays, W'hen they w'ere applicable, show'ed .agreement within 3 per cent 

SUMMARY 

The elemental and ammo acid composition of crystallme Closlndtum 
holuhnum type A toxin is presented 

The hydrolysis of 100 mg of the protem yields 115 73 mg of ammo 
acids or 100 20 mg of ammo acid residues 

From the data for cysteme and cystme, a muumum molecular weight 
of approximately 45,000 has been calculated, which is one-twentieth of 
the molecular w'eight of 900,000 determined by physical means 

Empmeal formulas show mg the elemental proportions and ammo acid 
proportions are presented 

No explanation can be gi\en from the analytical data for the extreme 
toxicity of the protein The data mdicate that the ammo acids are bio- 
logically active and connected through peptide bonds 

The authors are mdebted to Richard Van Dume, Etcyl H Blair, Use 
Schwab, and Helen Leaier for their techmeal assistance m the studies 
on Clos/ndrum bolwltnum t3pe A toxm, and to D H Bornor, J F Owmgs, 
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and H E Thompson for their many valuable suggestions and criticisms 
We msh to thank Dr C F Niven of Cornell University for the strain of 
Streptococcus faecahs 
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THE ACTION OF TYROSINASE ON CERTAIN PROTEINS 
AND PRODUCTS OF THEIR AUTOLYSIS 

Br IBWIN W SIZER 

(From the Department of Btology, Massachusetts Inshtuie of Technology, Cambridge) 
(Received for publication, April 10, 1947) 

The oMdation by tyiosmase of certain proteins, mcludmg crystalline 
preparations of insulin, pepsm, trypsm, and chymotiypsui and partially 
purified casein, has been reported by Sizer (1) Evidence for protein 
oxidation was based upon a marked oxygen consumption catalyzed by 
the enzjune, formation of pigment absorbmg stiongly m the blue-violet, 
and a pronounced mcrease m absorption of the protem m the ultraviolet 
In addition, chemical studies on the oxidized protem mdicated a decrease 
m color when tested vnth Millon’s leagent and showed a decrease of 11 to 
37 pel cent m the tyrosme content Edman (2), from work with the 
proteolytic enzymes, decided that Sizei’s lesults may not mdicate an effect 
of tjTosmase upon protems, but might be explamed on the assumption that 
tyrosinase has acted solely on the small amounts of tyrosme contammat- 
mg the proteins or upon the products of autolysis foimed dunng the 
reaction His results are based upon the fact that, at the end of the re- 
action, he could demonstiate appreciable amounts of aromatic ammo 
acids m the filtrate, aftei precipitation of the digest mth trichloroacetic 
acid Tiypsm was shonm to autolyze and, correspondmgl 3 ’-, to lose 
actmty This was not true of ch 3 'motrypsm, which was only shghtly 
oxidized by tsTOsmase When pepsm was denatured at pH 7 and then 
reprecipitated several times at pH 4, Edman could demonstiate httle action 
of tyrosinase on this punfied protem In view of the discrepancies be- 
tween the results and mterpretations of Sizer and Edman, the problem 
of the action of tyrosmase on certam piotems has been remvestigated 

Methods and Results 

Action of Tyrosinase on Highly Purified Proteins — The technique of 
the manometiic expeiiments carried out to measure oxygen consumption 
by purified protems is as identical with that of Sizer (1) Some of the 
work was done with Upjohn t 3 T 0 smase and some inth a freshly prepared 
mushroom t 3 U’ 0 smase (3) contammg 17 Adams and Nelson p-cresolase 
umts pel ml (4) The substrates were ci^^stallme pepsm, tiypsm, 
ch 3 Tnotrypsm, msuhn, and partially punfied casern from the same sources 
as those used piemousl 3 ’’ (1) These preparations before being oxidized 
Were punfied m vanous ways to remove any traces of t3’T0sme or of 
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its peptides whicli might be present The teclmique usually employed was 
to dialyze the protems (ivith Cenco cellophane dialyzmg tuhmg) over- 
mght against m/15 phosphate buffer, pH 7 3 Typical results on the 
oxidation of the purified products b3'^ tyrosinase aie shoira m Fig 1 The 



Fig 1 Oxygen consumption of protems (purified by dialysis) m the presence of 
tyrosinase at 37° The solution contained 25 mg of protein, 4 5 ml of m/15 phosphate 
bu6er, pH 7 3 0 5 ml of Upjohn tyrosinase, and 2 drops of toluene 

time curves for oxygen consumption resemble those of Sizer (1) for 
undialyzed protems 

For certam of the protems, other methods of punfication or sources of 
crystalhne material weie used Pepsm ivas purified accordmg to Edman 
(2) by denaturation at pH 7 0, follow^ed bj-- reprecipitation tivice at pH 
4 0 A different sample of relatively pure crystallme pepsin' was also 
used Results were similai to those for the dialyzed protem for both the 

1 Eindly furnished by Professor David Waugh, Massachusetts Institute of Tech 
nology 
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repi ecipitated pepsin (O 2 consumption = 129 microhters in 21 hours) 
and Waugh’s sample of pepsm (O 2 consumption = 319 microhters m 21 
hours) Ch 3 ’moti'ypsm was punfied accordmg to Northrop (5) by saltmg- 
out at pH 4 0 mtli 0 7 saturated (NH 4 ) 2 S 04 Although this sample 
showed relatively little oxygen consumption lesultmg from the addition 
of tyrosmase (22 microhteis m 21 houis), the increased absorption m the 
visible and ultraviolet regions of the spectmm gave evidence that appre- 
ciable oxidation had occurred Recrystalhzed insuhn* was oxidized 

Tabie I 


Effect of Tyrosinase on Oxidation of Purified Proteins and Their Products of 
Autolysis As Measured by Decrease in Per Cent Transmission of 
Solution at ^10 m/i 


Protein 

Tyrosinase 

Digest before 
dialysis , 

Dialyzed 

protein 

Ccntri 
fugate* ^ 

Super 

oatant* 

Casein 

Active 

Brown t 

Brown 

5 

32 


Boiled 

Gray 

Gray 

44 

67 

Chymotrypsm 

Active 

24 

27 

20 

14 


Boiled 

68 1 

44 

42 

29 

Insulin 

Active 

Brown j 

Brown 

6 

79 


Boiled 

Gray 

Gray 

42 

' 83 

Pepsin 

Active 

17 

29 

' 8 

73 


Boiled 

28 

49 

46 

91 

Trypsin 

Active 

25 

47 




Boiled 

33 

53 




* At the end of the reaction the protein was precipitated from the digest by 
adding 2 ml of 10 per cent trichloroacetic acid The protein centrifugate nas 
redissolved by boiling for S minutes in 4 8 ml of water plus 0 2 ml of 6 n NaOH 
t When solutions were too turbid to be measured with the Coleman spectro- 
photometer, only their colors are indicated in the table 

(O 2 consumption = 92 microhters m 21 hours) bv tviosmase about as 
rapidly” as dialyzed crj^stalhne msuhn (see Fig 1) 

At the completion of the manometric studies, the solutions u ere exam- 
ined for spectroscopic etndence of piotem oxidation by tjuosmase In 
all cases, such oxidation vas mdicated by the production of a pigment 
absorbmg m the blue-violet region of the visible spectrum (see Table I) 
and absorbmg strongly throughout the ultraiiolet region (see Table II 
and pepsm curves of Fig 2) These results are the same as those reported 
pieviously (1) where traces of products of autolj'^sis had not been removed 
from the protems 

These manometnc and spectroscopic experiments clearlv mdicate that 
the action of tyrosinase on protems cannot be accounted for in terms of 



306 


TYROSINASE AND PROTEINS 


an oxidation of products of autolysis, whicli normally contaminate the 
protems 

Does Tyrosirmse Act on Proteins Or Only on Their -Products of Autolysis 
Liberated during Reaction? — Althoiigli the^ above experiments clearly in- 


2 

g 

</> 

tf) 


(/) 

2 

< 

(H 


2 

Ul 

O 

o: 

ui 

Cl 



WAVE-LENGTH mu 


Fig 2 Absorption in the ultraviolet of proteins (previously purified by dialysis) 
after oxidation catalyzed by tyrosinase The control experiments were performed 
with boiled tyrosinase, while in the companion ones active tyrosinase was used For 
pepsin curves, products of protein autolysis n ere not removed at the end of the reac- 
tion, for the other curves the proteins were freed of products of autolysis by dialysis 
Solutions were diluted 1 20 with water for spectral analysis 


dicate that the tyrosmase action cannot be attnbuted to products of 
autolysis, which contammate the purified protems, they do not prove 
that the effects cannot be explamed by the action of tyrosmase on tyro^e 
or its peptides produced by protem autolysis durmg the reaction Under 
the conditions of the oxidation, pepsin is known to become rapidly de- 
natured and trypsm undergoes considerable autolysis, but no autolysjs 
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of chymotiypsm has been reported (2, 5) Little is known about the 
possible autolysis of insulin and casein 

After completion of the oxidation of the purified protem by tyrosmase, 
any products of autolysis were removed by dialysis m the cold room over- 
mght or longer against the phosphate buffer The residual matenal was 
then studied for indications of possible effects of tyrosmase Results on 
the pigment formation from protems, as mdicated by absorption m the 
vnolet region of the spectrum at 410 m/t are shown m Table I It is appar- 
ent that roughly similar differences m color between the control (con- 
tammg boiled tyrosmase) and the experimental solution (contammg 
active tjwosinase) exist m the protems before dialysis and after the prod- 
ucts of autolysis have been removed The figures, while illustratmg 
- clearly the darkei color of the solutions treated with active tjTosmase, 
aie only approximate, smce occasional slight turbidity of some of the 
solutions made absolute measurement of color mtensity impossible To 
the ej’^e, the protems oxidized by tyrosmase appear browm m color both 
before and after dial 3 ’'sis, while the control solutions are gray Results 
in these experiments were the same whethei the preparations weie orig- 
inally purified by dialysis, leprecipitation, or lecrj’-stalhzation 

Another method of detemunmg whether tyiosmase acted upon protems 
01 their pioducts of autolysis w'as to sepaiate the components at the end 
of the reaction by the addition of 2 ml of 10 pei cent trichloioacetic acid 
to the digest The precipitates were centrifuged and redissohed b} 
addmg 4 8 ml of watei and 0 2 ml of 6 x NaOH and boilmg the mixtuie 
for about 5 mmutes A companson of the color of test and contiol solu- 
tions showed differences (Table I) similar to those Sizer had repoited foi 
protems oxidized b}" tyiosmase (1) The supernatant solutions con- 
tammg the products of piotem autolj^sis were also exammed and wnre 
found to display smulai differences m color between experiment and 
control (Table I) These results m part confirm Edman (2), who found 
evidence for oxidized pioducts of autolysis aftei tyrosmase action on 
proteases 

In view' of the characteristic effect of tyrosmase m mci easing the ab- 
sorption m the ultraviolet of ceitam piotems (1), it seemed advisable to 
determme whether this effect w'as ehinmated bj' lemovmg products of 
protem autolysis either mitiaUj' contammatmg the purified protems or 
hberated from the protems by autolj'sis durmg the reaction T 3 T)ical 
results with protems purified by dial 3 '’sis, reprecipitation, oi recrystalli- 
zation are presented m Table II and m Fig 2, pepsm cun'es, which show 
that removal of traces of impurities m no wa 3 ' mterferes with the usual 
oxidation of piotems by t3’Tosmase, as is mdicated b3 increased absorption 
m the ultraviolet 
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Removal by dialysis of products liberated by autolysis during the 
oxidation, however, bas an appreciabla effect m decreasing absorption in 
the ultraviolet of the five protems (Fig 2) Smce the autol3^is is inde- 
pendent of the presence of tyrosmase (2), the absorption of the control 
solution also decreases, oving to removal of products of autolysis, so that 
the marked difference between control and expeririient is still apparent 
after dialysis In all cases, the difference between the tv o cun es is not 


TABnn II 

Absorpiton at 376 mp of Purified Proteins after Oxidation with Tyrosinase 


Protem* 

Tj rosinase 

Per cent transmission 

Digest 

Protem ppt from 
digest! 

Casein 

Active 

33 

37 


Boiled 

46 

53 

Chymotrypgin 

Active 

31 

58 


Boiled 

44 

61 

Insulin 

Active 

11 

29 


Boiled 

37 

45 

Pepsin 

Active 

30 

36 


Boiled 

43 

54 

Trypsin 

Active 

39 



Boiled 

56 



* Proteins were purified by dialysis before the addition of tyrosinase 
t Protein precipitated from digest by adding 2 ml of 10 per cent trichloroacetic 
acid The protein as redissolved by boiling for about 6 minutes in 4 8 ml of water 
plus 0 2 ml of 6 N NaOH All solutions uere diluted 1 20 for analysis from 220 to 
400 mil with the Beckman spectrophotometer Data in the table are only for 276 roft, 
at which tyrosine absorbs maximally 

quite as great after dialysis, mdicating that a part of the ongmal differ- 
ence must have been due to the presence of products of protem autolysis 
oxidized by t-sTOsmase 

Protems Mere also separated by tnchloroacetic acid precipitation from 
the products of autolj^sis The redissolved precipitates of oxidized pro- 
teins shoved differences m absorption m the ultraviolet similar to those 
shovm by the oxidized proteins separated from low molecular weight 
compounds by dialysis (see Table II) These experiments clearly demon- 
strate that tyrosinase has produced an oxidation of the protem molecule 
independent of any additional effect on products hberated durmg autobsis 
of a fraction of the protem molecules 

The supernatant tnchloroacetic acid solutions vere also studied m tne 
ultramolet The absorption curves (Fig 3) indicate the presence of an 
appreciable amount of lov molecular v eight derivatives of protems, ana 
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Fig 3 Absorption in the ultraviolet of products produced by protein autolysis 
Control solutions had been treated with boiled tyrosinase, while the experimental 
ones had been incubated with active enzyme At the end of the reaction, products of 
autolysis were separated from the protein by precipitating the latter ivith trichloroa 
oetio acid Solutions were diluted 1 20 for spectral analysis 


Table III 

Oxidation of Proteins and Their Products of Aulohjsis by Tyrosinase As Indicated by 
Changes in Amount of Residual Tyrosine* 


Protemt 

Tyrosinase 

Dialyzed 

protein^ 

Centrifugate^ 

Supernatant^ 



mg 

mg 

mg 

Casein 

Active 

0 32 


■EH 

1 

Boiled 

0 53 


■!■ 

Ghymotrypsin 

Active 

0 090 

0 11 



Boiled 

0 116 

0 15 

■bh 

Insulin 

Active 

0 68 

0 SO 

i 0 031 ' 


Boiled 

0 86 

0 90 

0 086 

Pepsin 

Active 

0 23 

0 38 

mmM 


Boiled 

0 40 

0 51 


Trypsin 

Active 

■ 0 080 




Boiled 

0 113 




* Bernhart’s modification of the Millon-Weiss method for tyrosine (6) nas used 
Each figure represents the average of tn o to four different experiments 
t Purified by dialysis before addition of tyrosinase 

t Dialyzed free of products of autolj sis after the oxn^ation Mas completed 
§ 2 ml of 10 per cent tnchloroacetic acid were added after the oxidation m as com- 
pleted, and the protein Mas separated from the products of autolysis by centrifugation 
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also show that tyrosinase has produced an mcrease in the absorption of 
these products of autolysis It is not known whether these protein frag- 
ments weie oxidized by tyrosinase before or after cleavage from the pro- 
tem molecule, although the latter explanation seems more plausible 
Tyrosine Analyses — Analyses for tyrosme, with Bemhart’s modification 
of the MiUon-Weiss method (6), were performed on the punfied protems 
oxidized by tyrosmase after products of autolysis had been removed 
either by dialysis or trichloroacetic acid precipitation In addition, 
tyiosme analyses were performed on the products of autolysis m the 
tnchloroacetic acid supernatant solutions Typical results aie presented 
m Table III Tyrosmase has clearly caused the oxidation of an appreci- 
able fraction of the tyrosme of these protems, as is mdicated by a decrease 
m the tyiosme of the experimental as compared ivith the control solution 
This IS also true of the products of autolysis, smce tyrosmase has caused 
an even greater decrease in the amount of tyrosme which can be measured 
by the Mdlon-Weiss method 


niSGUSSION 

The results presented m this paper are m general agreement inth Sizer’s 
(1) conclusions that certam tyrosyl gioups of casern, ins ulin , pepsm, 
trypsm, and chymotrypsm can be oxidized by tyrosmase, and cannot be 
explamed by Edman’s (2) hypothesis that the enzyme reacts only ivith 
tyrosme or its peptides present at the start or hberated bj' protem autol- 
ysis durmg the course of the experiment 

No new data are presented m this paper on the effect of tyrosmase 
upon protease activity, smce both Sizer and Edman agree that no change 
IS produced The results do not prove unequivocally that an enzyme 
with partially modified tyrosyl groups is completely active, smce mteipre- 
tation IS comphcated by pepsm denaturation and autolysis of trypsm and 
chyrhotrypsm, which occur spontaneously under the conditions of the 
experiment An approach to this problem imght be sought by cariymg 
out the reaction at low temperatures, smce protem autolysis has a much 
greater temperature coefficient than has oxidation catalyzed by tyro- 
smase (7) In two experiments which were carried out at 25°, the autol- 
ysis of aU five protems was much less than at 37°, while the action of 
tyrosmase was almost as extensive as before 

It IS a pleasuie to acknowledge the techmcal assistance of Miss Janette 
Robinson m this w6rk 

SUMMARY 

Removal of tiaces of t^osme and its peptides by purification of crys- 
talhne pepsm, trypsm, chymotrjTsm, insuhn, and impure casein did nox 



I T\ SIZER 


311 


interfere with the ability of tyrosinase to oxidize certain of the tyrosyl 
groups in these proteins Tyrosinase was shown to oxuhze products of 
protein autolysis, which were liberated during the reaction Oxidation 
of these products accounts for only a fraction of the total action of tyro- 
sinase, since the lesidual protein was also found to be extensively oxidized 
Certain of the tyrosyl groups of all of these proteins v ere demonstrated, 
by chemical and spectroscopic studies, to have been oxidized by the 
tyrosmase 
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THE INACTIVATION OF INSULIN SOLUTIONS 

Bt j lens 

(From the Organon Laboratories, Oss, Holland) 

(Received for publication, January 2, 1947) 

A faintly acid aqueous solution of insulin slowly loses its activity, even 
at room tempeiatiuc Theie aie a number of scattered obseniations in the 
literatuie on the stability of such solutions but ICrogh and Hemnungsen (1) 
were the first to study the phenomenon systematically They found an 
optimal stability at pH 2 to 4 and considered the inactivation as a reaction 
of the first order According to Sahyun, Goodell, and Nnvon (2), addition 
of zme salts would have a stabilizmg mfluence, a result we could not 
confirm (unpubhshed) 

According to our expenence, the stabihty of insulm solutions may vaiy in 
qmte unpredictable ways and it appeared of some i alue to remvestigate the 
subject, m order to find the causes of the inactivation Twm explanations 
suggest themselves hydrolysis or heat piecipitation 

The assumption of a hydrolysis as the cause of mactivation gives rise to 
many difficulties Jensen and Evans (3) observed that msulm m acid 
solution loses some ammoma but there is no relation between the loss of 
ammoma and the rate of the inactivation Anothei argument agamst this 
hypothesis might be found m the observations of Greenberg et al (4), that 
several proteins hydrolyze at a rate dependent on the activity of the 
hydrogen ions If this relationship should also hold foi the assumed 
hydrolysis of insuhn at i^eiy mild acidities, it is not easj to explam its 
optimal stability at pH 2 to 4 

On the other hand there are no objections to the assumption that the 
inactivation is a denaturation or heat precipitation 

In the course of this woik, many expenments weie pei formed in order 
to find a link between inactivation and hydrolysis The late of liberation 
of ammonia and amino acids has been determmed o'ver a lange of acidities 
varying from pH 1 3 to 11 The rate of hydrolysis w as foimd to go through 
a mmimum at the isoelectric point of the insuhn and, since the stabilitv 
of the solutions is defimtely bettei at somewffiat higher acidities, anj 
relation betw^een stability and rate of hydrolj'^sis becomes higlilj im- 
probable These experiments, confirmmg and completing Jensen and 
Evans’ work, will, therefoie, not be recorded in detail, but during the 
investigations a method permittmg the separation of inactivated from ac- 
tive insuhn w^as discoxered With the aid of this procedure eiidence has 
been accumulated indicating that the mactn ation \-irtualh is a demtura- 
tion, usually follow ed bj’’ an oxidation process 
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INACTIVATION OF INSULIN SOLUTIONS 


Material 

All insulin samples were crystalline and air-dry and varied m activity 
from 19 to 24 international umts per mg Most of them were prepared in 
oui ownlaboratones and standarized according to the techmque of de Jongh, 
Lens, and Spanhoff^ on 60 to 80 rabbits each Two samples of crystalline 
msuhn from other manufacturers were also exammed As no essential 
difference was found between these samples and our own, the ongm of the 
msuhn has not been specified in each experiment 

The commercial solutions investigated were all of our own manufacture 


Technique 


It was observed that inactivated msuhn can be precipitated quite 
readily with rather small amounts of electrol 3 de This led to the develop- 
ment of a method for its estimation in the presence of msuhn We de- 
tenmned the highest concentration of sodium sulfate at which msulin 
solutions of pH 3 and of the concentrations used (20 to 100 umts per ml ) 
do not yet precipitate This proved to be 0 03 N The solubihty of m- 
sulm in 0 03 N sodium suKate is shghtly dependent on the pH, and m the 
first experiments we therefore preferred to determine a small range of the 
solubihty-pH curve with the aid of buffer solutions 
The following example of the technique employed will illustrate sufB- 
ciently its sunphcity and hmitations 
Three 5 ml samples of a solution contammg 5 mg of msulm per ml were 
pipetted mto centrifuge tubes 2 ml of citrate-phosphate buffer, pre- 
pared accoidmg to Mcllvaine, were added, follow^ed by 3 ml of 0 1 n 
sodium sulfate The tubes were stoppered and mixed by mvertmg several 
tunes They were left for at least 15 hours at room temperature and then 
centrifuged The mtrogen content m the supernatant was determmed by 
the Kjeldahl method 

The same sferies is made up after the msuhn solution, pH 2 95, has been 
heated for the desued time Fig 1 illustrates the result of such an ev 
penment Cuive A, obtamed with the unheated solution, shows that the 
pH durmg precipitation should be kept between 2 95 and 3 25, othermse 
some msuhn will also piecipitate On heatmg, an mcreasmg part of the 
msuhn becomes insoluble m 0 03 n sulfate (Curves B and C) 

For routine determmations, we precipitated the mactivated msuhn onl) 
at pH 3 0 * A determmation m the unheated solutions is always necessarj , 
as many of the msuhn samples mvestigated contained small quantities of 
unpunties msoluble m 0 03 N sodium sulfate As the precipitate formed 


I de Jongh, S E , Lens, J , and SpanhoEf, E. W , in press 
* Composition of buffer 8 volumes of 0 1 m citnc acid, 2 volumes 


of 0 2 m disodiuin 


phosphate 
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IS m many instances very strongly hydrated, simple exammation of the 
tubes for cloudiness may be misleadmg On the other hand, m some 
instances the piecipitate formed may be quite compact and sohd 
The inactivated insuhn is very insoluble in the medium described An 
insulin solution, containing 5 mg (100 umts) of insulin per ml was heated 
for 240 hours at 55° Aftei the addition of the buffer, pH 3 0, it was pre- 
cipitated with sodium sulfate, the supernatant contained 0 048 mg of N per 
ml If 4 ml M ere first diluted to 10 ml and then precipitated m the same 
M ay, the supernatant contamcd 0 020 mg of N per ml This value is the 



3,0 3,5 

pH 


Fig 1 Influence of time of heating on the solubility of insulin in 0 03 n sodium 
sulfate Curve A, unheated solution. Curve B, the same solution heated for 4 hours 
at 83°, Curve C, solution heated for 18 hours at 83° 

sum of the solubihty of the mactivated insulm and of the amount of the 
ongmal insulin left If the third pomt of decimals were leliable, tlie 
solubihty of the inactivated insulm would correspond to 0 0013 mg of N 
per ml , but this value is only veiy approximate Furthermore it is prob- 
able that the solubihty of the mactivated insulm will vary somewhat wath 
the amount formed, but the mfluence on the curves to be de^'cnbed is con- 
sidered to be of so little consequence that it has been neglected 
In work with large, rather concentrated batches, it has been ob'^eri ed 
that considerable quantities of msuhn mav be lost by adsorption on the 
precipitate 

In a 2 per cent insulm solution the adsorption may amount to 10 per cent 
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of the insuhn piesent In 0 5 pei cent or veakei solutions i\e did not ob- 
serve any actn ity of the precipitate v Inch could not be accounted for by its 
solvent content Phenolic pieseivatives should not be piesent m con- 
centiations over 0 1 pei cent as they give use to a veiy strong adsorption 
They can be leraoved by dialysis prehmmar}'- to the detei-mination 

Results 

Rate of Reaction — Determinations were carried out in order to measure 
the late of reaction ivith which inactn ated insulm is foimed m the pH range 
2 9 to 3 0 A few runs were made on the aging effect at 83°, but most of the 


Z 6 10 



Fig 2 Inactivation of insulin solutions, pH 3 0, at 83° (Curves A and B, upper time 
scale) and at 55° (other curves, lomer time scale) 

Fig 3 Inactivation curves of tn o solutions of the same insulin at 55° 

work was centered on the agmg at 55° In Figs 2 and 3 some of the 
curves obtained are represented Their mspection reveals two unexpected 
facts (1) The reaction is apparentlj"- of zero order (2) Dimng the 
course of the reaction there may or may not be an abrupt change m the 
rate The point of the break m a curve is not reproducible, as may be seen 
in Fig 3 where the aging cuives of two insulm solutions of the same sample 
of insuhn, made m the same v ay, aie recorded The difference is not due to 

an analytical erroi and has been confirmed bj biological standardization 
(see belon ) Fortunately these breaks do not occur often enough to upset 
eveiy conclusion draivn Nevertheless the slopes obtained for the “normal 
curves are so different foi different insulm batches that the influence of 
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factors affecting the late of leaction can onlj!- lie studied by the use of 
insulin of one batch for all expeiiments 
This has been done m the investigations to be described 
Influence of Swface — Xo influence of the size of the surface of a solution 
exposed to glass and to the an could be found One-half of a solution (50 
ml ) Mas kept in a 300 ml Pvicx Erlenmeyer flask ivith an an -exposed sui- 
face of 300 sq cm and a glass-exposed surface of approximate!}^ the same 
size, the other half being put m a graduate mth only 5 5 sq cm of aii- 
exqiosed surface and 85 sq cm of glass-exposed surface Both solutions 
behaied in the same vay as to the formation of mactivated insuhn, though 




Fig 4 Fig 5 

Fig 4 The absence of influence on the inactivation of a large surface (□) and a 
small surface (-}-) and of octyl alcohol (®) against a control (O) Heated at 55°, 
pH 3 0 

Fig 5 The influence of the pH on the i ate of reaction Cur\ e A after 46 hours at 
55°, Curve B 94 hours at 55°, Curve D 160 hours at 65°, Curve C 4 hours at 83° 

the solution with the larger surface giadually acquued a golden yellow 
color The curves obtamed aie represented m Fig 4, together uith those 
on the influence, or the lack of influence, of a highly surface-active substance 
such as octyl alcohol added m a concentiation of 0 1 per cent 
Influence of Ac%diti ) — These experiments uere performed at 83° and 55° 
In order to adjust the solutions of pH 3 2 and higher to the desu-ed pH foi 
precipitation, a buffer of pH 2 85 mstead of 3 00 had to be added A sharp 
decrease in stabihty on mcreasmg pH is observed (Fig 5) Louenng the 
pH under 2 8 gives rise to the well knoum heat precipitation m a very short 
time and to a rapid rise m the ammonium liberation Hence experiments 
have not been extended to this pH lange 
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Correlation between Chemical and Biological De/eminoiion^— Confimation 
of the chemical results by biological standardization has been obtained m a 
numbei of mstances These checks have been extended to a number of de- 
tei-minations of commercial solutions of various ages In the conversion 
from chemical to biological i alues, it has been assumed that 1 i u corre- 
sponds to 5 4 7 of Kjeldahl mtiogen 
It appeai-s from the curv^es that the mtiogen m the sulfate solutions does 
not go doira to zero, ovnng to the presence of impunties which do not 
share m the process The calculations are, therefore, based on the decrease 
in mtrogen lather than on the absolute mtrogen values 


Table I 


Correlation between Chemical and Biological Determination of Activity of Aged 

Insulin Solutions 


Batch No 

Original 

activity 

Temperature 

Tune 

Activity 

calculated* 

Activity found* 


I U per ml 

•c 

Ara 

/ 1/ fiermi 

/ P per ml 

189 

40 

55 

600 

14 

10 

192 

89 

55 

170 

63 

61 

192 

192 

89 

89 

55 

55 

340 

340 

51 

4 

Different solutions 

186 

40 

55 

600 

12 

10 







142b 

40 

Room 

75 

22 

18 Commercial solution 

147m 

40 


70 

36 

39 “ “ 

175a 

40 

« 

31 

37 

40 “ “ 

178b 

40 

ti 

23 

32 

28 “ “ 

179b 

20 j 

« 

23 

16 

17 


* Average difference between observed and calculated values 0 2 ± 1 3 nr per 
ml (fourth value not included) 


Some results of this comparison between chemical and biological determi 
nations aie given m Table I The assa3’’s for this w'ork have been made on 
ten rabbits m each test The average difference m calculated and ob 
served actmty agam shows that the errors mtroduced by adsoiption and 
mcomplete precipitation are either neghgible or counter balanced by a 
possible erioi m the assumed % alue of 5 4 7 of N per i u of msuhn 

The diffeience recorded m the stabiht}’’ of the commercial solutions i» 
quite strikmg Solutions of almost the same age, made and stored m the 
same v^ay (though from different insulin batches), like Batches 142b and 
147m, show' a definite difference m stabiht3’-, which cannot be ascribed to 


the error of the standardization 

Besides these, the activities of the above solutions, with a large and a 
small surface, have been compared after 365 and 435 hours, givmg equa 
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values The Mine holds for the solutions mth and n ithout octyl alcohol, 
which pro\ cd to be cqualh net uc after 344 hours 
IIowe\cr, unfortunateh there are insulin solutions m winch, for un- 
known reasons, the inaclnation takes a different course Among the 
scores of solutions iniestigatcd there were two, aged at room tempeiature, 
which showed no loss of actnitj In chemical anatysis Yet on biological 
stand irdization, less than half the original actmta was found 
Properties of Inactivated Itivdin — The inactnated insulin piecipitated 
b\ 0 03 \ sodium sulfate does not readilv redissoh e 
If air has been c\cIudod durmg the inactnation and the coloi of the 
solution h IS not deejicned, regeneration by the well known alkah treatment 
is, to some extent, possible, but the more the solution has darkened, the less 
it can be reactnated 

We found that insulin precipitated by heat at pH 2 and m the presence of 
some electroh tc may be regenerated quite easilj and complete^, simpty b\ 
dissob mg it in phenol '\^''e used this process repeatedly wath large msulm 
batches and consider it supenor to the alkali treatment 
The inactn ated insulin dissoh es only if it has not become colored in the 
aging process 

The solutions of inactnated msulm obtamed at pH 3 and 55° stiongly 
resemble those of Waugh (5), who subjected msulm to a moie drastic 
treatment Thej show a strong double refraction of flow 

4. difference in the degree of swellmg of mactiyated msulm m the pH 
range 2 to 7 w as not obser\ ed In more alkalme solutions the amount of 
precipitate decreases as the inactn ated msulm dissoh es 
The mactiyated msulm is verj stable The complete transformation 
from insulin to mactn ated msulm is, at 83°, a matter of some 6 to 10 hours, 
whereas m the following 400 houi-s at pH 3 and at this temperatuie no 
change m the solubihtj in 0 03 x sulfate can be detected No ammo acids 
are liberated, for the ultrafiltiate obtamed through a soft coUodion mem- 
brane shows a negatne mnhj'dnn reaction The Nesslei’s reaction is 
positive confirmmg the well known fact that ammoma is hberated as a 
secondarj” reaction 

Prom an alkalme solution (pH 10 3) no inactivated msulm is formed on 
agmg 

The inactn ated msulm usually has a much darker coloi than the origmal 
msulm The ultra nolet absorption is also much greater The absorption 
band at 280 mg has been determmed for a number of solutions of different 
ages, and the results are recorded m Fig 6 As the acid solutions of the 
inactivated msulm are somew hat opalescent, the absorption bands hai e all 
been measured m a 0 2 m borate buffer, pH 9 3, m which the cloudmess 
disappears 
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The increase m the absorption shows no correlation to the amount of 
mactuated msuhn present, or Curves C and E are those for solution 
which have been kept at 55'’ for 1300 houi^, Cune E wath a large and 
Cun^e C wath a smaU air-ev-posed surface (see aboi e) 

A sundar nse in the absorption has been obsen ed by Kuhn, Ever and 

rnow (/} described the effect of the combmed action of ultra violet hght 
and oxygen on t jTosme dopa bemg the fiist product formed The fact tLt 
an msuhn solution with only a smaU surface exposed to the air shows much 

thattf ®^PP0rts the hiTiotheses 

lat thu increase m ultra ^^olet absorption is also due to oxidation, probabh 



Fig 6 Absorption spectra (1 mg per ml ) of a fresh (Curve A) and of aged insulin 

Curve D, aher 58 dajs. Curve E, after 56 da^s Oarge surface to the air), Cune F, 
after 5 3 ears All solutions -vv ere aged at SS"* 


of the tjTosme in the molecule A further mdication that oxygen is con- 
sumed may be found m the obsen ation that the rubber caps of old com- 
mercial nak of msuhn frequentlj’’ show an inward bulge, as if the nal were 
under a partial tacuum A direct pi oof of the oxidation was obtained 
with a solution of 130 mg of msuhn at pH 3 m a Warburg apparatus w hich 
w as filled w ith cxj gen The manometer of the apparatus contained mer- 
cuiy After 30 days at 55° an oxx gen consumption of 0 044 mg of oxygen 
per mg of msuhn was obsen ed Tlus amounts to o\ cr 100 gm atoms per 
gm molecule ThedopareactionofAmow (8) with nitrous acid and sodium 
motybdate giies a i ellow -brown coloration and, therefore, dopa cannot be 
present m appreciable amounts On the other hand, sometimes a strong 
coloration with dimethj lammobenzaldehj de is obsenmd, mdicating the 
presence of resorcmol-like structures 
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DISCUSSION 

The predominant caii&e of the loss of activity of insulin at pH 3 is de- 
naluration This m^^ bo followed by oxidation, which does not influence 
the first reaction 

AVaugh (5), working at a somewhat lowei pH, studied apparently the 
same phenomenon with the aid of the election microscope According to 
his obscr\ ations no heat precipitation takes place at pH 3, but he heated his 
solutions for a few minutes only, whereas in these ex-periments the time of 
obser\ation extends to many weeks AA^ugh was able to show' that heat 
precipitation in\ olves three reactions formation of active centers, elonga- 
tion of these centers to fibrils, and finally radial arrangement of the fibrils 
to spherolites, the I'lsible precipitate In oui experiments the reaction is 
still more complicated bj oxidation and a slight loss of a mm onia 

It IS doubtful whether the over-all reaction which is measured m these 
experiments actually' is of zero order Among the simple, ii reversible 
reaction t3Ties, the zero ordei reaction gives the best fittmg curve, but such 
a simple picture of the reaction mechanism is not in accordance wuth the 
results obtained with the electron microscope Therefore the apparent 
linear decrease in activitj can only sei ve as a first approximation 

The disagreement as regards the ordei of reaction existmg betw een our 
mi estigations and those of Krogh and Hemmingsen is more a matter of 
interpretation than of actual differences m observations Their number of 
determinations is too small and over too small a range to permit the estima- 
tion of the order of the reaction 

Our previous exiierience about the unpredictable ex-tent of the inactiva- 
tion has been confirmed The stabihty of insulin is only a fictitious figure 
if it IS given without the restiiction for one particular solution of one par- 
ticular batch That is the reason why no great significance is attached to 
the fact that the results of the stabilizing influence of zinc, observed bj' 
Sahyun, Goodell, and Nixon, could not be confirmed in our experiments, 
checked by biological test, before this investigation had begun 

The method offers a means of checking the purity of msulm batches m 
which inactivated msulm is present as a contamination of the crystals 
The zero value of the aging test can supply this information 

SUMMARY 

1 A method is described for the deterimnation of acid-mactivated insulin 
hy making use of its low solubihty m 0 03 n sodium sulfate at pH 3 0 

2 This method has been used for the determination of the stabihtj' of 
msuhn solutions The rate of reaction is quite unpredictable and may 
show a sudden change whde the reaction is proceedmg, but it is, wathin a 
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senes, dependent on temperature and pH and not on the size and condition 
of the outer surface It is essentially a denaturation reaction 

3 The denaturation maj’- be followed by an oxidation of the denatured 
product, making the process irreversible 

4 The mactive insuhn does not easdj’’ hydrolyze 

5 In some exceptional cases, for unknown leasons, the mactivation takes 
a different course without the formation of the above product 
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OXIDATnOi] DECOMPOSITION OF VITAMIN A 

I STABILiri’’ OF VITAMIN A TOWARDS OXIDATION 
AND IRRADIATION 
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In. recent years a considerable amount of attention has been centered 
about the stability of vitamin A towards the effects of solvents, irradiation, 
and oxidation Many statements made in this connection are contra- 
dictorj to the findings of some workers Such apparent discrepancies 
may be reconciled, however, when the source of the vitamm in terms of 
natural protective substances as well as the purpose and method of the 
experiment is considered 

The present mvestigation is designed to throw further light on the sta- 
bihty of vitamm A towards oxidation and irradiation The nature of 
the solvent and the concentration of the vitamm are taken mto account 
in order to correlate the data on a more concrete basis than has been 
pubhshed hitherto 

EXPERIMENTAL 

Equipment and Reagents — The polarograph, employed to determme the 
oxidative strength of the solvent by the ferrous-feme ion method, was 
constructed according to the direction of Kolthoff and Lmgane (8) The 
instrument w as equipped ivith a compensatmg circmt so that galvanometer 
readmgs would be directly proportional to the feme ion concentration 

A Beckman quartz prism spectrophotometer, model D360, equipped 
with the ultraviolet attachments, was employed to determme the con- 
centration of vitamm A at 328 m^ We can be certam that carotenoids 
other than vitamm A are absent from soup-fin shark hver oils Unsatu- 
rated glycendes and other substances do not markedly affect the shape 
of the absorption ounces of high potency oils (2) If low potency oils 
had been used in these experiments, correction factors would have been 
necessary to give values truly representative of the vitamm A content of 
the oils 

Soup-fin shark livers (100,000 to 500,000 i n per gm of oil) obtamed 
from the California Division of Fish and Game, Bureau of Commercial 

* Present address, Monsanto Chenucal Company, Cbnton Laboratories, Oak Ridge, 
Tennessee, 
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the initial lag penod of the decomposition, the oils had lost the greater 
part of their antioxidant activity and had become rancid This has been 
more cleaily shovTi in Pigs 2 to 5 of previous pubhcations (1, 2) The 
results shoM ed that, although the potency remamed the same ovei a penod 
of time, the stabilities of the vitamm touaids aeiation decreased as much 
as 80 per cent Sanford and Harnson' repoited similai results on the 
stabihty of mtamm A in dogfish liver ods 
Decomposition of Dilute Solutions — A numbei of soup-fin shark liver 
oils and of vitamm A ester concentrates were dissolved in diethyl ether 
and m methylene chloride One-half of the resultmg solutions vv ere placed 
in the dark, the other half were kept m diffused light Vhquots were 



Fig 2 Stability of a natural latamin A ester concentrate in refngeration grade 
methylene chloride Effect of oil concentration on the rate of decomposition in 
the absence of light (A) and in the presence of light (JS) Curves 1, 2, and 3 represent, 
respectively, 0 002, 0 04, and 1 0 per cent oil in methylene chlonde 

drav\ n at V anous mtervals, the solvents removed in vacuo, and isopropanol 
added as required The optical density at 328 m/i of the resultmg so- 
lutions was determined m the Beckman quartz prism spectrophotometer 
In all cases the percentage decomposition was greater m the piesence of 
light and m the more dilute solutions (Fig 2) Thus a 1 per cent solution 
of a soup-fin shaik hvmr od m methjlene chlonde shoved only about 
4 per cent decomposition m the course of 12 hours w’hen exposed to diffused 
dayhght, while a 0 002 per cent solution of the same oil m methylene chlo 
nde was 98 per cent decomposed m the same penod 
The addition of mixed tocopherols to fresh ddute solutions (Fig 3) 
markedly retarded the rate of decomposition, suggestmg that the decompo- 
sition IS of an oxidative nature Similar results were obtamed vat*’ 

1 Sanford, F B , and Harrison, E, W , Technological Laboratory, Umted States 
of the Interior, Seattle, Washington, personal commumcation 
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of CheAahcr ci al on vitamm A esters (3) The tune of the induction 
period decreased as the temperature of the aeration increased 
Stabilit} \alues obtained on various soup-fin shark liver oils varied 
between 52 and 175 minutes The variation in the values appears to be 
characteristic of the particular oil, since all samples had been kept under 
dry ice until used and no significant oxidation could have taken place 
pnor to the test This observation suggests that the oils from the livers 
of individual sharks contain iar 3 ung amounts of antioxidants Other 
in\ estigators (5-7, 9) working vith other oils have reported that the 
addition of mixed tocopherols to an oil increases the stability of the oil 



TIME IN MINUTES 

Fig 1 Influence of mixed tocopherols on the rate of decomposition of a partially 
oxidized soup fin shark liver oil Curve 1 nas obtained on fresh oil, Curve 2 waa 
obtained after the oil had been aliened to stand 2 months at room temperature, 
Curve 3 demonstrates the regenerative effect of tocopherols on the antioxidant 
activity of the oil The decomposition nas imtiated 1 hour after the addition of 
tocopherols 

to a marked extent, this is also true m the case of soup-fin shark hver 
oils (2), but tocopherols do not prevent the ultimate decomposition of 
the oils The addition of 0 5 per cent mixed tocopherols to an oil xvhich had 
been alloved to stand at room temperature m an open bottle restored 
a large portion of the stability of the vitamm (Fig 1) Curve 1 was 
obtamed on the fresh oil, Curve 2 was obtamed on the same oil after it 
vas allowed to stand 2 months m an open bottle m the laboratorj'' (the 
sample was shaken daily), and Curve 3 demonstrated the effect obtamed 
V hen 0 5 gm of mixed tocopherols ivas added to 100 gm of the partiall 3 ’' 
decomposed oil 

The high degree of stabihty of vitamm A m soup-fin shark hver oils 
mdicated by these experiments is not to be mismterpreted Even though 
the oils had been drastically treated and shoved no loss of ntamm A m 
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the initial lag penod of the decomposition, the oils had lost the greater 
part of then antioxidant activity and had become rancid This has been 
more cleaily shovn m Figs 2 to 5 of previous pubhcafions (1, 2) The 
results shov ed that, although the potency remamed the same ovei a period 
of time, the stabilities of the vitamin towards aeration decreased as much 
as 80 per cent Sanford and Harrison^ reported similar results on the 
stability of vitamm A in dogfish liver oils 
Decomposition of Dilute Solutions — A numbei of soup-fin shark li\ei 
oils and of vitamin A ester concentrates w'ere dissolved in diethyl ether 
and m methylene chloride One-half of the resultmg solutions were placed 
in the dark, the other half vere kept in diffused light -Aliquots were 



Fig 2 Stability of a natural vitamin A ester concentrate in refrigeration grade 
methylene chloride Effect of oil concentration on the rate of decomposition m 
the absence of light {A) and in the presence of light {B) Curves 1, 2, and 3 represent, 
respectively, 0 002, 0 04, and 1 0 per cent oil in methylene chloride 

diaun at vanous mtenmls, the solvents removed in vacuo, and isopropanol 
added as required The optical density at 328 mp of the resulting so 
lutions w as determined in the Beckman quartz pnsm spectrophotometer 
In all cases the percentage decomposition was greater m the presence of 
light and m the more dilute solutions (Fig 2) Thus a 1 per cent solution 
of a soup-fin shark liver oil in methylene chloride shoved onl> about 
4 per cent decomposition m the course of 12 hours when exposed to diffused 
dayhght, while a 0 002 per cent solution of the same oil in methylene clilo 
nde was 98 per cent decomposed m the same penod 
The addition of mixed tocopherols to fresh ddute solutions (Fig 3} 
markedly retarded the rate of decomposition, suggestmg that the decoropi^ 
sition IS of an oxidative nature Similar results were obtamed 

I Sanford, F B , and Harnson, R W , Technological Laboratory, Umted Stales 
Department of the Interior, Seattle, Washington, personal commumcation 
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diethyl ether as the solvent (1) That the decomposition is the result 
of o\ida(ion is furthci borne out in the followmg experiment Treatment 
of the aboic solvents vith ferrous ammonium sulfate resulted in a rapid 
oxidation of ferrous to ferric ion, as determined polarographically The 
sob ents thus reduced weie not as effective as oxidants for ferrous ion (2) 
and for vitamm A (Fig 4) as n ere the untreated solvents That the sol- 
vents retained a fraction of then oxidizing power was undoubtedlj*^ the 
result of dissoh cd oxwgen 



PERCENT MIXED TOCOPHEROLS 



Fia 3 Fig 4 

Fig 3 Effect of mixed toeopherols on the irradiative decompoBition of a soup-fin 
shark liver oil dissolved in refrigeration grade methylene chlonde The time of 
irradiation was 4 hours for Curve 1 and 22 hours for Curve 2 The oil concentration 
was 0 03 per cent 

Fig 4 Effect of purification of methylene chlonde on the rate of decomposition 
of dilute vitamin A solutions Curves 1 and 3 were obtained on solutions kept in 
the presence of light, while Curves 2 and 4 were obtained on solutions kept in the dark 
The solvent employed for Curves 1 and 2 was untreated, while that used for Curves 
3 and 4 had been previously treated with ferrous ion in the presence of dilute hydro- 
chlonc acid 


The dilute t itamm A solutions contained the etluivalent of 3 to 4 7 
of vitamm A per ml The solubilitj'^ of oxygen m the solvents is undoubt- 
edly great enough to oxidize vitamm A to a noticeable extent m such dilute 
solutions 


DISCUSSION 

Evers (4) states that vitamm A m cod hver oil is destroyed by hght 
and oxidation and that the chief cause of the decreased potency of such 
oils IS light He remarks also that the addition of 0 05 per cent h3’'dro- 
quinone does not prevent the destructive effect of hght It is shown here 
that heat and hght catalyze the oxidative decomposition of vitamm A 
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and that mixed tocopherols have good antioxidant properties In this 
connection Me must remember that antioxidants do not prevent the 
ultimate oxidative destruction of a compound, but merely retard the late 
of the decomposition 

Smith et al (10) irradiated alcoholic solutions of vitamin A noth ultra- 
violet light of a M ave-length exceedmg 300 mju Accordmg to these authors 
tins treatment resulted m a progressive decrease m the E value at 328 m/i 
The more intense the irradiation, the more rapid was the destruction of 
the 328 mp band When these irradiated solutions were alloned to 
stand m the dark, the E value at 328 m/i increased toM'ards the onginal 
value The greater the "decomposition,” the less complete was the 
lecoveiy, ivhich mdicates, according to these authors, that vitamm A 
undergoes a leversible photochemical isomensm accompamed by an 
irreversible destruction We did not notice any restoration of the E value 
at 328 van m our samples subjected to this treatment Instead v,'e found 
a further though less marked decrease in the E value at 328 mu ivhich 
Me attributed to dissolved oxygen Supplee and Odessa (11) found that 
irradiation of milk, either dry or liquid, did not result in the destruction 
of vitamm A or m the production of toxac symptoms M'hen such milk was 
fed to rats 

From the above it is qmte certam that m any statement regarding the 
stability of xitamm A the ratio of the vitamm to dissolved oxygen or 
peroxides and the presence and nature of antioxidants must be taken into 
consideration Light and heat catalyze the oxidatixe decomposition 
of vitamm A, the former probably through the intermediate formation 
of an activated vitamm A molecule 

SUMMARY 

Vanous soup-fin shark lu er oils and vitamm A preparations have been 
subjected to forced aeration at vanous temperatures The stability of 
vitamm A, defined as the time required to decompose 50 per cent of the 
vitamm under aeration at 100°, vanes between 52 and 175 mmutes for 
soup-fin shark liver oils The temperature coefficient of the reaction was 
found to be close to 2 for ex’-ery 10° nse m the temperature range from 
70-100° The length of the induction penod vaned mversely with the 
temperature of aeration 

Dilute solutions of vitamm A on standmg at room temperature show a 
greater percentage decomposition than do the more concentrated solutions 
The decomposition seems to be an oxidation that is catalyzed by light and 

heat 

The research was earned out under the general direction of Dr J Murray 

Luck to whom I extend my grateful appreciation for his keen mtcres 
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in the nork nnd for his \aluable criticisms and suggestions I am also 
indebted to the Division of Fish and Game, Bureau of Natural Resources, 
State of California, for the generous funds which made this work possible 
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oxii:) vTnTi; decomposition of ^ttamin a 

ri VBSORPTION SPECTROPHOTOMETRY OF OXIDIZED VITAMIN A 
Br RENE A BOLOMEY* 

(/Vom (he Btochenneal Laboratory, Dcparlmenl of Chevmlry, Stanford University, 

California) 

(Received for publication, March 31, 1947) 

A number of mvestigators (2, 4, 5, 9-14) have demonstrated that vitamin 
A IS readily decomposed under the mfluence of ultraviolet light The 
effect of irradiation on the absorption spectrum of vitamin A has been 
studied by Dubouloz (5), Chevaher (3, 4), and by Sobotka et al (13) 
These authors found that ultraviolet light mduces a senes of changes m 
the shape of the absorption curve, charactenzed by the appearance of 
nev maxima at the expense of the 328 mp chromogen The concentration 
of a itamin A in their solutions was of the order of 3 to 4 7 per ml , a concen- 
tration that may be emploj^ed to develop the spectrogram without resortmg 
to further dilution Although such low concentrations of the vitamm do 
not penmt isolation of the degradation products, these authors entertained 
the plausible behef that their solutions contamed traces of oxygen which 
could not be removed by the usual methods and that the molecular ratio of 
oxygen to vitamin A was sufEciently high to oxidize noticeably the vitamin 
under the mfluence of ultraviolet light Thus the appearance of new 
maxima of m ave lengths shorter than 328 m^ v ould be the result of oxi- 
dative products, V, hile those appeanng at n ave-lengths longer than 328 my 
V ould be dependent upon polymerization of some degradation products, 
or possibty be due to the production of axerophthol, the aldeh 3 >^de cor- 
respondmg to vitamm A (2-5, 8, 12, 13) 

The present mvestigation has been designed to prove that the changes 
m the shape of the absorption spectrum of vitamin A under the influence 
of irradiation are the result of oxidation catalyzed by irradiation 

EXPERIMENTAL 

Pieparaiton of ReagentsSoup-hn shark liver oils weie prepared as 
previously described ( 1 ) 

Crystalhne vitamm A acetate (Distillation Products, Inc ) was dissolved 
m tnacetm (Eastman Kodak Company) to give a 0 5 per cent solution 
by weight 

* Present address, Monsanto Chemical Company, Clinton Laboratories, Oak Ridge, 
Tennessee 
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Absolute etbyl alcohol was prepared according to the method given m 
Gilman (6) 

Perovide-free diethyl ether v as obtamed by shakmg c p diethyl ether 
vith a 20 per cent solution of sodium bisulfite, then with dilute sodium 
hydroxide, and finalh’’ mth n ater 

Method 

Various soup-fin shark liver ods and crystalhne \ntamm A acetate Mere 
aerated at various temperatures m the presence and m the absence of 
diffused hght, as described m a preMous paper (1) Weighed ahquots 
Mere Mithdrawn from time to time and diluted with isopropanol The 
ultraviolet absorption spectra of the resultmg solutions, contamed m 1 cm 
quartz cells, M'ere obtamed with a Beckman D360 quartz pnsm spectro- 
photometer equipped vnth a hydrogen discharge lamp and an ultranolet- 
sensitive phototube The readmgs were taken at mtervals of 2 mft in 
the range of 214 to 400 mu Four or five pomts along the curve Mere 
redetermined at the conclusion of a run m order to check the stabihtj 
of the solutions in the instrument The check results were m good agree 
ment for the most part, although discrepancies m ere encountered at times 
beloM 220 to 230 mpt 

DISCUSSION 

The aeration of soup-fin shark liver oils produces a succession of changes 
m the shape of the absorption curv'es of the resultmg solution m isopropanol 
(Fig 1) As decomposition progressed, the maxima of the successive 
absorption curves shifted toMnrd loM'er Mnve-lengths These maxima 
M ere located at 326 to 328, 310 to 312, 294 to 296, 284 to 286, and at 274 to 
275 mu Similar results Mere obtained Math vitamm A acetate In 
addition to these maxima, soup-fin shaik liver oils shoMnd an mflection 
or maximum at about 230 mu, Mobile vitamm A acetate shoired only an 
mcreased absorption in this region, Mitli a possible maximum located at 
a Mai e-length loner than 220 mu This last band became more pro- 
nounced as decomposition progressed The extinction coeflacient at about 
290 mn m as found to be fairlj constant foi any given oil irrespective of 
the extent of the aeration Similar results have recently been published (7) 

The effect of the aeration temperature on the resultmg absorption 
spectrum iias found to be negligible Mith the exception that the rate of 
reaction m as faster and that the extmction coefficient of the bands beloiv 
295 mu tended to be Iom er as the aeration temperature m as raised This 
is probably the result of mcreased volatihty of some of the products at 
the more elexated temperatures Aeration m the presence of light did 
not cause the shape of the resultmg absorption curves to differ from tho-'C 
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Fig 1 Effect of aeration on the absorption spectrum of soup-fin shark liver oil 
Curves 1 through 6 were obtained respectively at 0, 8, 9, 12§, 15, and 20 hours aeration 
at 60” 



Fig 2 Fig 3 

Fig 2 Absorption spectra of a 0 002 per cent isopropanol solution of a soup-fin 
shark liver oil allon ed to stand at room temperature in the dark Curves 1 through 3 
represent, respectively, 0, 14, and 38 hours standing 

Fig 3 Absorption spectra of a 0 002 per cent isopropanol solution of a soup-fin 
shark liver oil allowed to stand at room temperature in the presence of light Curves 
1 through 3 represent, respectively, 0, 2, and 4 hours standing 

obtained by aeration m the dark Similar results v, ere obtamed on dilute 
isopropanol solutions of the oils kept standmg m the dark (Fig 2) or m the 
presence of light (Fig 3) 

It will be recalled from an earher paper (1) that vitamm A m dilute 
solutions exhibits decomposition more readily than m more concentrated 
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solutions, and that the rate of decomposition is also proportional to the 
“peroxide number” of the solvent emplo3'^ed and the temperature at which 
the solution is kept It is quite apparent that each reaction is character- 
istically the" same, namely, an oxidation catalyzed by light and heat 
The product absorbmg at 276 to 278 mju is probably identical wnth that 
resultmg from the irradiative decomposition of vitamm A reported by 
Sobotka et al (13) There is a stnkmg similantj' between the shape of 
the curves presented in this paper and those reported on irradiated vitamin 
A alcohol (13) and on irradiated halibut liver oils (5), suggestmg that ir- 
radiation of vitamin A-contammg oils produces secondary oxidative 
reactions Aeration did not produce the 346 m/i and the 364 mu bands 
resultmg from the irradiation of vitamin A acetate (13) or of halibut 
liver oils (5) 


STJMMAKY 

Aeration of vitamin A acetate dissolved m tnacetm and of soup-fin 
shark liver oils or long standmg of diluted solutions of these oils both in 
the presence and m the absence of light resulted m the successive ajJpearance 
of maxima towards lower wave-lengths These were located at 326 to 328, 
310 to 312, 294 to 296, 284 to 286, and 274 to 275 m^ The shape of the 
curves w as essentially the same as of those reported by Sobotka el al (13) 
and by Chevaher and Dubouloz (4) onirradiatmg vitamm A-containing 
oils It IS, therefore, believed that irradiation produces a secondai^' 
photooxidation that is responsible for the changes m the absorption 
spectrum of vitamm A reported bj^ others 

The research was earned out under the general direction of Dr J Murray 
Luck to w'hom I extend my grateful appreciation for his keen interest 
m the work and for his valuable cnticisms and suggestions I am also 
mdebted to the Division of Fish and Game, Bureau of Natural Resources, 
State of California, for the generous funds w hich made this work possible 
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OF PENICILLINASE 
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Production and punfication of the extracellular penicillinase from Baallus 
ccrctts, NRRL 569, have been reported by LePage, Morgan, and Campbell 
(3) The procedure employed consisted of adsorption on Hyflo Super- 
Cel, elution vitli dilute ammonia water, ammonium sulfate fractionation, 
dialysis, and l 3 ’'ophilization By a similar punfication method subsequently 
published by Housewnglit and Henry (2) partially puiified enzjTne of 
relatn ety low activity u as obtained 

, The mcreasmg application of pemcillinase to testmg pemcillm sterility 
has made the development of simpler and more rapid methods of production 
highly desirable The present investigation was therefore undertaken 

EXPERBrENTAL 

Preinous investigations on the production of pemcillinase by Bacillus 
cercus, NRRL 569, had shown that addition of excess penicilhn early m the 
groivth penod caused lysis of a considerable proportion of the cells Re- 
cently, with penicillin of greater punty at the same unitage levels, this 
obsen'^ation was no longer noted It was assumed therefore that at least 
part of the tytic effect might be due to one or more unpunties m the pen- 
icillin preparations At the same time, it was felt that greater advantage 
could accordmgly be taken of the adaptive nature of the enzyme by addmg 
more substrate dunng the early stages of growth with the possibility of 
reduemg the production time 

A relatively pure pemcillm G (1400 units per mg ) and salts with mixed 
pemcilhns rangmg in purity from 500 to 1000 umts per mg were tested 
While m most cases impure matenal was reasonably satisfactory, more 
reproducible results were obtamed with pure pemcillm The lack of suf- 
ficient high punty preparations for these studies would have made the 
development and use of a sjmtbetic medium meanmgless at this time 

It had been pointed out previously (3) that lots of yeast extract vaned in 
their smtability for enzyme production Certain lots, while supportmg a 
satisfactory growth of Bacillus cereus, were not suitable from the standpomt 
of enzyme yield Moreover, the pH tended to nse to 8 0, causing dif- 
ficulties m assays and enzyme recovery With the mcorporation of 0 1 to 
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0 2 per cent glucose m such media reasonably high titers could be obtained 
m 24 hours and grondh was maint-ained at neutrahty 

In practice, however, it has been foimd adnsable to test small amounts of 
vanous batches of yeast extract and select one for use nhich, m the absence 
of pemcilhn, produces a titer of at least 128 dilution umts per ml (3) m 24 
hours Such lots are then used without glucose addition 

Method — ^With a satisfactory lot of yeast extract and the mediimi pre 
xuously reported (3) carboys are seeded with a 2 per cent moculum of an 
IS hour Bacillm cereus broth culture These are mamtamed at 22-26° 
with rapid aeration At the end of 3 hours 1 umt of high potenc}’' pemcilhn 
IS added per ml of culture medium At 5, 7, and 9 hours, pemcilhn ad- 
ditions to final concentrations of 4, 10, and 25 units respectn ely are made 
The pemciUm is diluted m small quantities of stenle distdled water pnor to 
addition to the culture 

In 48 hours titers are sufficiently high to warrant recox ery of the enzyme 
With optimal conditions titers greater than 20,000,000 dilution units per 
ml have been, reached Higher yields of enzyme are obtamed if greater 
amounts of pemcdlm are added but a longer groxvth penod becomes neces- 
sary 

At the end of the mcubation penod the culture is passed throng a 
Sharpies supercentnfuge and the cell-free culture filtrate retamed for en- 
zyme recox'erj 

Assay — The method of assay’’ outhned m the previous pubhcation nas 
used (3), a “dilution umt” being defined as that dilution of enzyrme m phos- 
phate buffer, pH 7 0, which causes 50 per cent mactivation of 1 unit of 
pemciUm m 1 hour at 37° as tested by a cup-plate assay With the de- 
velopment of more actix’e filtrates and of highly purified enzyme, end-pomts 
have become mcreasmgly difficult to obtain Complete mactix’ation of 
pemcilhn was frequently' found m dilution senes earned to thirty tubes 
For this reason the tube dilution assay becomes somewhat unsuitable v hen 
used to test highly active matenals 

It was obserx'ed that broths of pH 8 0 could not be assayed accurateh 
without prehmmary adjustment to pH 7 0 WTien this was not done, 
significantly lower end-pomts vere obtamed This obserx’ation reaffirms 
the sharp pH optimum for pemcilhn mactivation prexnously' suggested (3) 

In spite of these objections this assay prox ides a reasonably quick and 
accurate estimation of pemciUmase actmty In addition potency of all 
final enzymes is further assayed by testmg the activity of 1 mg agamst 
graded amounts of concentrated pemcilhn solutions 

Isolation of Enzyme 

PrecipUahon—In an endeavor to find a suitable method to replace the 
cumbersome adsorption and elution techmque, the effect of addition of acid 
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to the ccU-frce culture filtrate was studied Preliminary experiments m- 
dicated tliat adjustment of the culture liquor to pH readings of appiox- 
imately 4 5 sen ed to piecipitate the enzyme, which could then be recovered 
by filtiation through fritted glass filters Detailed studies weie accordmgly 
earned out to detenmne the optunal conditions for enz3Tne precipitation 
A 5000 nil vohmie of cell-free filtrate was divided into five equal portions 
The pH of these lots vas adjusted mth glacial acetic acid to several pomts 
in the acid range All acid additions were earned out graduallj'- vith 
mechanical niLMUg at a temperature of 5° After allowing 4 houis at 5° 
for flocculc formation, the precipitated matenal was filtered off, redissolved 
m 0 5 per cent ammonia watei (3), and the enzyme reprecipitated by 100 

Table I 


Rclaltonslnp of pH to Prccipxlalxon of PcmnlUnase from Culture Filtrates* 
The results are e\prcsscd as dilution unite multiplied by dry weights of matenal 


pH{ 

Activity rccoveiedt 

6 8 

30,400,000 

6 4 

66,500,000 

5 0 

31,600,000 

4 6 

3,700,000 

4 2 

80,000 


• Onginal activity of culture filtrate, 65,000,000 dilution umts per liter 
t Initial pH of the culture filtrate, 7 2 

J All activities reported are based on 1 liter of cell-free culture filtrate 


per cent ammomum sulfate saturation After dialysis and lyophihzation 
pemcillmase activit}”^ was measured I’jqncal results are presented m 
Table I 

Prom these lesults it n ould appear that adjustment of the pH to 5 4 gave 
maximal yields of penicilhnase, and that pH values much lower than 5 0 
resulted m senous loss of enzyme Subsequent experiments have estab- 
hshed that reduction of the culture filtrate to pH 5 2 jnelded optimal 
recovenes 

Further reduction of the pH of all the above fractions to 3 8, after remov al 
of the ongmaUy precipitated matenal, did not lead to further recovery 
of pemcdlmase Enzyme activity appeared to be lost when the culture 
filtrate was allowed to stand at low pH levels 

Adjustment of the clear culture hqmd to pH 5 2 resulted in the appsar- 
ance of a very fine diffuse turbidity After standmg at 5° for 2 hours, tmy 
floccules appeared which became larger after 24 hours To detenmne 
whether losses occurred at the flocculation stage the relationship of time to 
enzyme precipitation was therefore investigated 
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A 2000 ml volume of culture liqmd was adjusted to pH 5 2 with glacial 
acetic acid and immediately divided mto eight equal portions One aliquot 
was filtered at once, while the remainmg seven were filtered after bemg held 
at 5° for penods of 1, 2, 4, 8, 12, and 24 hours respectively Residual 
activity m the filtrates was then measured Irrespective of whether fil- 
tration was earned out immediately or was deferred for penods up to 24 
hours, no sigmficant differences could be detected m amounts of enzjune 
lost m the filtrates 

Companson of the activity of the ongmal culture hquor with the activity 
remainmg after acid precipitation showed clearly that very httle loss of 
penicilhnase took place at this step In general, approximately 0 1 per 
cent of the ongmal activity remamed m the filtrates and losses greater than 
1 0 pel cent were never encountered These values compare favorably 
vnth the 4 per cent loss previously shown to occur dunng Super-Cel 
adsorption (3) 

Piecipitation vuth acids other than acetic was also tested No appreci- 
able differences m either yield or activity of final enzyme could be obtained 
vhen the culture filtrate i\as acidified with hydrochlonc, sulfmic, phos- 
phonc, or acetic acids 

Attempts to remove precipitated pemcilhnase from the culture filtrate by 
repeated passage through a Sharpies supercentnfuge resulted m consider- 
able loss of enzyme It was found that quantitative recovery could be 
achieved by passage through fntted glass filters, provided an F porosity 
vas used 

Fradionaiton — Punfication of acid-precipitated pemcilhnase was first 
attempted by fractionation at 50 and 100 per cent ammonium sulfate 
saturation Contrary to results m previous studies (3), vanable amounts 
of enzyme, representing up to 75 per cent of the total activity, vere pre- 
cipitated at 50 per cent satmation Extensive investigations were accord- 
mgly conducted to determme optimal conditions for the fractionation 
procedure 

A 5000 ml volume of cell-free culture filtrate v as acidified to pH 5 2 and 
the precipitated enzyme removed by filtration The precipitate was dis- 
solved from the filters in a total volume of 1000 ml of 0 5 per cent am- 
moma water and v as then dimded mto ten 100 ml portions To each lot 
sohd ammomum sulfate was added to give increasmg degrees of saturation 
After removal of precipitated matenal all filtrates w ere made up to 100 per 
cent saturation and flocculated matenal recovered Following dialysis 
and lyophihzation, the pemcilhnase activity of each fraction was defer- 
mined The results are presented m Table II 

From these results it would appear that maxunal precipitation of active 
matenal IS obtamed at 70 per cent ammomum sulfate saturation and that a 
higher salt concentrations mcreasmg amounts of inactive matenal floe- 
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culatc A considerable advantage to the selection of the 70 per cent level 
IS that tins reduced ammoDium sulfate concentration decreases luscosity of 
the solution and speeds up the filtration process 
Removal of impurities can be effected by saturations of aimnomum sul- 
fate from 10 to 40 per cent, wlule above this level appreciable losses of 
enzjTne occur The amount of penicilhnase removed m the lange of 20 to 
40 per cent saturation v as found to be dependent upon protein concen- 
tration, considerable quantities of enzyme bemg earned doivn from con- 
centrated solutions For this reason, a level of 10 per cent ammonium 
sulfate V as adopted as most practicable for general use 

Table II 

Ammonium Sulfaic Fraclionalion of Acid-Prenpitaled Penicilltnase 


The activity is e\pressed as dilution units per mg of dry weight 


(NHOiSOi 

saluralion 

Activity 

(NHi)iSOj saturation 

Activity* 

Per cent 

10 

256 

10% 

made 

to 100% 

1,000,000 

20 

256 

20% 

<C 

» 100% 

260,000 

30 

1,024 

30% 

II 

" 100% 

260,000 

40 

1,024 

40% 

II 

'* 100% 

2,048 

60 

2,048 

50% 

II 

" 100% 

1,024 

60 

33,000 

60% 

II 

“ 100% 

64 

70 

>1,000,000 

70% 

II 

“ 100% 

32 

80 


80% 

II 

“ 100% 

8 

90 


90% 

11 

“ 100% 

4 

100 







* Apparent enzyme losses near the half saturation level can be accounted for by 
greater weight of low activity material 


Repeated tests on filtrates after precipitation of enzyme by saturated 
ammomum sulfate failed to demonstrate residual penicilhnase activity, and 
quantitative removal of enzyme is therefore mdicated This findmg is at 
some vanance with the report by Housewnght and Henry (2) that less 
than 10 per cent activity was recovered foUowmg precipitation mth satu- 
rated ammonium sulfate at pH 5 0, 7 5, and 8 8 
Based on the above experimental data the foUowmg fractionation pro- 
cedure was adopted The acid-precipitated enzyme is dissolved m 0 5 
per cent ammoma water to one-fortieth the volume of ongmal culture 
Impunties are removed at 10 per cent ammomum sulfate saturation and 
active enzyme is precipitated at 70 per cent saturation A period of 1 to 
2 hours at 5° was found advisable to permit flocculation with both fractions 
Dialysis — The enzyme was quantitatively dissolved from the filters m 
distilled water After transfer to cellophane sacs it was purified by dialysis 
agamst distiUed water at 5° for a period of 24 hours It was noted that 
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dialysis of concentrated solutions resulted m protein flocculation as the 
salt concentiation approached zero 

The dial 5 ’'zed matenal was lyophilized and refngerated over a desiccating 
agent 

TABtB III 

Effect of Dialysis upon Penicillinase Activity 
The results are expressed as dilution units multiplied by the dry weight of the 
matenal 


Eiperiment No 

PcDicilIuiase 

Total activity* 

1 

Before dialysis 

14,000,000 


After “ 

>22,000,000 

8 

Before “ 

6,250,000 


After “ 

>66,250,000 


* All activities reported are based on 1 liter of cell-free culture filtrate 


Table IV 


Yields and Activity of Penicillinase Prepared by Acid Precipitation and by Super-Ce^ 

Adsorption 

The activity is expressed as dilution umts per mg of dry weight 


Fun£cation method 

(NH,)tSO« 

saturation 

Yield* 

Activity per mg 


/>«f cent 

mg 


Acid precipitation 

10 

20 0 

512 


70 1 

17 0 

2,000,000,000 

Super-Cel adsorption 

60 

86 0 

128 


100 

24 5 

[ 250,000,000 


* All yields reported are based on 1 liter of cell-free culture filtrate 


To determine whether appieciable losses occuned dm mg the dialysis 
procedure, ahquots of solutions before dialysis were lyophihzed and the 
activity of this matenal compared with that of the final enzyme Eesulfs 
of two typical experiments are presented in Table III 
In all cases total activity after dialysis greatly exceeded the calculated 
total activity of the undialyzed matenal No pemcilhnase could be dem- 
onstrated m tlie dialyzing water from these experunents Fuither, when 
the dialyzed enzyme was redissolved and assayed m dialyzing water in place 
of the usual 0 05 m phosphate buffer, no mhibition of pemcilhnase activity 
resulted No explanation for the mci eased activity after dialysis is offered 
at the present time However, further studies are m progress 
This obsenmtion of greatly mcreased activity following diab sis is not m 
agreement mth the recent report by Housewnght and Henrj^ (2) that 
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.greater tlian 50 pei cent losses occurred at this step Earher work by 
Woodruff and Fostei (4) and by Duthie (1), m uhich penicillinase from 
other bacterial species was emplojed, had also mdicated enzyme loss durmg 
dialysis 

A comparison of the jaeld and activity of penicilhnase prepared by the 
acid precipitation method with that of enzyme obtained by the adsorption 
procedure is presented in Table IV 

DISCUSSION 

It IS appai-ent that removal of pemcilhnase from the culture filtrate by 
acid piecipitation is a much moie specific procedure than adsorption on 
Hjdlo Super-Cel, since onl}’’ lelatively small amounts of impurities are later 
remoi ed b3^ salt fractionation Moreovei, it has been established that the 
enzyme prepared by this new method is many tunes more active than the 
final product prepared by the adsorption procedure 

In all experiments careful checks on enzjme recoveries at each step were 
maintained, and no senous losses w'ere detected at an}" point Total activ- 
it}" of purified enzyme was found to conespond very closely with total 
actmtj" of the original culture filtrate, and it is therefore felt that practi- 
cally quantitative recovery of penicillinase has been achieved This cor- 
relation is difficult to estabhsh bj" the pievious method, since amounts of 
enzyme remaining on the adsorbate can only be determmed mdirectly from 
the final yield INIorcoier, the acid precipitation method piesents con- 
siderable advantages owing to its simplicity and greatly shortened re- 
coveiy time By this procedui e penicillmase of extremelj" high actmt}" can 
be prepaied withm 72 hours 

SUMMARl 

Further studies on the production of pemcilhnase by Baalltis cereus, 
NRRL 569, have been conducted By the caieful regulation of cultiual 
conditions very high enzyme titers have been produced m 48 hours 

Isolation of pemcilhnase from the culture filtrate has been accomphshed 
by adjustment of the pH to 5 2 Precipitated enzymuc material is re- 
coveied by filtration thiough fntted glass Buchner funnels Impunties 
are removed at 10 per cent ammomum sulfate saturation The enzyme is 
subsequently precipitated at 70 per cent saturation, dialyzed, and 
lyophilized 

Yields and activity of penicillmase by two methods are compared 
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INHIBITION OF THE ACTION OF TYROSINE 
DECARBOXYLASE BY PHOSPHORYLATED 
DESOXYPYRIDOXINE 

Bt J M BEILER and GUSTAV J MARTIN 

{From the Research Laboratories, The National Drug Company, Philadelphia) 

(Received for publication, April 14, 1947) 

A great deal of evidence has been presented to show that the hyper- 
tension occurring in certain cases of renal dysfunction may be caused by the 
mabihty of the kidneys to remove the pressor amines formed by the 
decarboxylation of dopa and tyrosme Bmg and Zucker (1) showed that 
the injection of dihydroxj’phenyl-ii-alamne mto the ischemic kidneys 
of cats caused a rise m blood pressure Oster and Sorkm (2) showed that 
the mjection of this substance mto humans with essential hypertension 
produced a similar pressor response Martm (3) showed that rats fed diets 
high m tyrosme developed hypertension and that tyrosme was not as toxic 
m pyndoxine-deficient rats (4) 

A consideration of these findmgs suggested that an inhibition of the 
decarboxylation of dopa and tyrosme, which would prevent the formation 
of the pressor ammes denved from these ammo acids, might be an ef- 
fective therapeutic measure m cases of lenal hypertension 

Tyrosine decarboxylase denved from Streptococcus faecahs R v as chosen 
as a convenient vehicle for stud 3 mg the effects of vanous inhibitory agents 
on the decarboxylation of the ammo acids m question It has been shown 
(5) that the coenzyme of tyrosme decarboxylase is a phosphorylated 
pyndoxal Karrer and Viscontini^ (6) have prepared this substance m 
crystalline form Smee desoxypyndoxme (7) is knovn to be an effective 
inhibitor of pyndoxine, its action on the system was studied m the hope 
of obtammg an inhibition of decarboxydation 

EXPERIMENTAL 

Tyrosme decarboxylase was prepared from Streptococcus faecahs R 
accordmg to the method of Epps (8) The bactena vere meubated for 
18 hours at 37“ and pH 7 m a medium contammg 1 per cent acid casern 
hydrolysate, 1 per cent glucose, and 1 per cent yeast extract At the end 
of this penod the cells were centrifuged off, washed vuth water, and dned 
with acetone 

The action of the displacmg agents on this preparation v as studied bj^ 
the use of the Warburg apparatus In the mam compartment of each cup 
were placed 1 mg of the enzyme preparation dissolved m 2 ml of 0 2 
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M acetate buffer, pH 5 5, and 0 5 ml of a solution of the displacmg agent 
used m water The side bulb contamed 0 5 ml of a suspension of either 
m/ 30 t 3 T 0 sine or m/15 dopa 

After a 15 mmute penod of eqmhbration at 28° the, manometers were 
closed and the substrate tipped from the side bulbs mto the flasks The 
reaction Mas run for | hour 

The results obtamed showed that desoxypyndoxme' lyas entirely m- 
effective as a displacer m this system m concentrations rangmg up to 300 
7 per ml 

Smce Gunsalus, Bellamy, and Umbreit (9) had showm that p 3 rndo\al 
was not active as a coenz 3 Tne unless it w as phosphorylated, it w^as a natural 

Table I 


Inhibition of Action of Tyrosine Decarboxylase by Phosphorylated Desoxypyndoxinc 
Substrate, M/30 tyrosine Cups 1, 2, and 3 contained 0 5 ml of desoxyp^n 
doxine phosphate preparation 


Time 

Manometrlc reading 

Barometer 

Control 

Control 

Cup 1 

Cop 2 

Cup 3 


tnm 

ptm 1 

mm 

tnm 1 


mm 

0 nun 

ISO 0 

149 0 

160 0 

150 0 


160 0 

30 “ 

163 8 

167 8 

168 6 

166 0 

164 2 

165 0 

Net weight 

3 8 

16 0 

14 8 

12 2 

11 6 

11 2 

QCOs* 

j 

1 

61 4 

49 6 

39 2 

36 7 

36 2 


* Expressed in o mm of COj evolved per hour per mg of dried enzyme prepara- 
tion 


assumption that the lack of activity of desoxypjmdoxme as a displacmg 
agent w^as due to its lack of a phosphate group 

Desoxyp 3 Tidoxme was accordingly phosphoiylated bj’’ the method used 
by Umbreit, Bellamy, and Gunsalus (5) for the phosphoiylation of pyn- 
do\al 22 mg of desoxypyndo\me were dissolved m 2 2 ml of water and 
0 2 ml of 1 1 NaOH were added The solution was chilled m an ice bath 
and 0 1 ml of POCI 3 plus 0 4 ml of 1 1 NaOH w as added The mixture 
sohdified, and was wurmed until the precipitate dissolved, then chilled 
agam The addition of the same amounts of POCb and NaOH was repeated 
four more times, wuth wanmng af tei each addition After the last’treatment, 
the solution was dulled until small ciystals formed tluoughout the tube, 
and wms then centrifuged w'hile cold The precipitate was discarded 
The supernatant was brought to pH 6 to 7 wuth HCl and diluted to 25 ml 

1 DesoxypjTidoxine was obtained through the courtesy of Dr E T Major of 
Merck and Company, Inc , Eahway, New Jersey 
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In the expcnments reported 0 5 ml of this solution was used, containing 
an amount of the phosphor 3 dated compound correspondmg to about 20 
y of dcsovj pjTidoxme 

This preparation n as found to be an effective inhibitor of the action of 
t 3 rosme decaibo\ 3 dase Two different preparations gave average inhibi- 
tions of COi evolution of 20 and 35 per cent respective^ A representative 
set of e\penmental figures is given m Table I 
Dcso\' 3 "P 3 ndovine phosphate has been shoira to be an effective displacer 
of p 3 'ndo\al phosphate Since p 3 ’-ndoxal phosphate is beheved to be the 
coenz 3 'rae not onl 3 ’’ of t 3 nosme decarbox 3 dase but of all the bactenal ammo 
acid decarbowlases, this displacmg agent may assume a mde-spread 
importance as a regulator of bactenal metabolism 
The vnde-spread occurrence of pyndoxal phosphate m animal tissues 
suggests that this compound has some coenz 3 rme function m the animal 
bod 3 ’-, especiall 3 '- m view of the function of the analagous phosphates of 
thiamine and nboflavm In this event the possession of an effective 
displacing agent becomes of manifest importance 

SOTIMARy 

Desov 3 ’'p 3 'ndo\me is ineffective as an inhibitor of the action of tyrosme 
decarbo\ 3 dase 

Phosphorylated desoxypyndoxine displaces pyndoxal phosphate m the 
t3Tosme decarboxylase system 
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A MANOMETRIC METHOD FOR DETERMINING THE 
laNETICS OF AN ENZYMATIC HYDROLYSIS OF 
PEPTIDES* 

PAUL C ZAAIECNIK and jMARY L STEPHENSON 

(From ihc Medical Laboratories of the Colhs P Huntington Memorial Hospital 
of Hanard Vnncrsity, at the Massachusetts General Hospital, Boston) 

(Received for publication, March 29, 1047) 

Although a number of standard methods aie available for determmmg the 
rate of In drolysis of peptide bonds (1-G), no one of these procedures pro- 
vides the flcMbihty of operation which charactenzes the manometnc 
techniques e\ olved in the study of the respiratorj’- enzymes The present 
procedure w as n orked out in the hope of providing a manometnc method 
suitable for use m studymg the behavior of catheptic enzymes in crude tissue 
extracts It is in dealmg mth such preparations that the greatest diffi- 
culties are encountered mth titration procedures The present method 
depends on the abilitj’’ of a bacterial decarboxylase to spht off carbon di- 
oxide from free n-tyrosme, but not from tyrosme as bound m peptide 
linkage m the substrate carbobenzoxy-L-glutamyl-L-tyrosme ^ Thus, a 
second or “indicator” enzyme is used to record the reaction kmetics of the 
catheptic enzyme under investigation 

Stimulation for this approach came from recent estimation (7) of the 
ammo acid composition of protem hydrolysates by means of bacterial 
decarboxjdases, and the observation (8) that l- tyrosme decarboxylase vnU 
not attack glimyl-L-tyrosme An analogous method has been used b}’^ 
Zeller (9 , 10) in f ollowmg the distribution of peptidase m the bram YTiereas 
Zeller’s procedure, m which a snake venom ammo acid oxidase is em- 
ployed, IS most suitable for dealmg nnth peptidases at pH 7, the method 
to be described below operates optimally at pH 5 0 to 5 5 

The principle of the decaiboxylase-catheptic enzyme method is to be 
distmguished from that of the urease-argmase method of Weil and Russell 
(11) In the formei the entire course of the enzymatic hydrolysis is fol- 
lowed dynamically, whereas m the latter method, at the termmation of 
the aigmase reaction, a smgle determination of the total amount of urea 
libeiated during that penod is made 

* This work was supported by a grant from the Donner Foundation, Inc This is 
Reprint No 633 of the Cancer Commission of Haivard Umversity 

* The substrate caibobenzoxy l glutamyl-n-tyrosine was obtained through the 
courtesy of Dr G W Irving, Jr , and the late Dr Max Bergmann 

349 



350 
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Materials and Methods 

Preparation of Decarhovylase — ^The tjTosme decarbovylase d as prepared 
from Streploeoccus ladis R, obtained from the Amencan Type Culture 
Collection The culture medium of Bellamy and Gunsalus (12) iias used 
The decarboxylase nas purified accordmg to the proceduie of Epps (8), 
through stage three, mth citiate buffer At this point, the coenz 3 'me is still 
attached to the apoenzyme 

Foi assay piuposes, a 20 mg per cc concentiatioii of dr}’’ ponder nas 
suspended m 0 4 M citrate buffer at pH 5 5, mcubated 16 hours at 37°, and 
centrifuged 15 minutes at 2400 n p m The supernatant nas either em- 
ploj ed immediately or m as frozen m a dr^Mce box and used a fen days later 
Addition of sjmthetic pjmdoxal phosphate (13) neaily doubled the actmtj 
of the decarboxjdase, but the actmty was sufficient for present purposes 
mthout the addition of this codecarboxylase 

Preparation of Caihepstn — ^A cathepsm preparation iias made from smne 
kidue 5 s by ammomum sidfate fractionation, accordmg to the piocedure of 
Fruton and Bergmann (14) The actne fraction was dissohed m 1 per 
cent sodium chlonde, dialj'-zed against 1 per cent sodium chloride for 48 
hours at 3°, and frozen m a dri'-ice box Enz}Tne stored undei these con- 
ditions has mamtamed a high ordei of actn ity for over 3 years 
Manometric Details — Lr-TjTosme decarboxjdase activity n as measured m 
Warburg manometers by a modification of the procedure of Epps (8) 
Unless othem ise stated, all reactions n ere earned out at 25°, m the presence 
of nitrogen, buffered by 0 20 m citrate buffer at pH 5 4 to 5 5 In some 
cases the nitrogen n as purified by passage over hot copper Substrate vras 
usnallj tipped m from the side arm after equihbration The mam com- 
partment contained the cathepsm, decarboxjdase, and buffer The caibon 
dioxide ei oh ed has been expressed as micromoles per cc of test solution 
•Vll flask readmgs haxe been corrected for untipped controls Since the 
hjdiolysis of carbobenzoxy-n-glutamjl-ir-tjTosme by a catheptic “pepsi- 
nase” (15) does not require the presence of an activator such as cysteine 
(16), none was added 

In some cases, the course of the enzjmiatic hydiolysis was followed m 
parallel mth the manometnc method by determmation of ammo nitrogen, 
accoidmg to the method of Van Slyke (4), or by the titration procedure of 
Grassmann and Heyde (17) As previouslj' recorded (16), the end-pomt 
m the latter titration piocedure is difficult vith tj'Tosme-contammg sub- 
strates 

Results 

The relation of the reaction rate to the concentration of cathepsm is 
shoun in Fig 1 There is a good proportionahtv between the cathepsm 
concentration and the measured actmty 
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The relation of the reaction rate to the concentration of decarboxylase is 
bhoini 111 Fig 2 In the presence of a laige excess of decarboxylase (upper 
tn 0 cun es), the reiction rate is relatn ely independent of the decarboxylase 
concentration and strictl}’- dependent on the cathepsin concentration It 
IS therefore desirable to emploj' decarboxylase concentrations in this range 



Fig 1 Fig 2 

Fig 1 Effect of varying the cathepsin concentration on the rate of hydrolysis of 
carbobenzoxy-L-glutamyl-n-tyrosine Micromoles of CO. evolved between 15 and 
30 minutes elapsed time after tipping The cathepsin concentration is expressed in 
mg of nitrogen per cc of test solution The test solution contained the following 
0 4 cc of 0 055 M carbofaenzoxy-ii-glutamyl-L-tyrosme, 0 5 cc of decarboxylase 
citrate, and 0 2 cc of cathepsin diluted with 0 9 per cent sodium chloride 

Fig 2 Effect of varying the decarboxylase concentration on the rate of hydrolj sis 
of carbobenzoxy-L-glutamyl-L-tyrosine by cathepsin The decarboxjdase is ex- 
pressed as cc in the test solution The test solution contained the following 0 3 
cc of 0 055 M carbobenzoxy-n-glutamyl-L-tyrosme, 0 1 cc of cathepsin, and 0 7 co 
of decarboxylase-citrate, dilutions made with buffer The expenment was earned 
out in 95 per cent mtrogen-5 per cent carbon dioxide 

The rate of leaction of the decarboxylase on L-tyrosine alone is proportional 
to the decarboxTlase concentration, as is shown in Fig 3 
The relation of the reaction rate to the concentration of caibobenzo\y-L- 
glutamyl-E-tyrosme is illustrated m Fig 4 When the initial substrate con- 
centration IS above 0 017 m, the reaction rate is relatively independent of 
the substrate concentration during the first portion of the h 3 '’drol 3 sis 
=3 0 X 10"^ as calculated according to Lmeueaver and Burk (18) 
At concentrations above 0 05 m, an inhibiting effect due to substrate ex- 
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The effect of adding the othei spht-product of peptide hydrolj sis, carbo- 
benzoxj'-glutamic acid, has been studied b}^ Frantz and Stephenson (19) 
Their results shoi\ that carbobenzoxyglutamic acid has an mhibitoiy effect 
on the enzjunatic sphttmg of carbobenzo\ 5 ’’glutamylt 3 Yosme Thus from 
the hydrolysis of this peptide, one split-product (carbobenzoxyglutamic 

Table 1 

ReproductMily of Decarboxylase Method 


Manometnc details are given in Fig 5 The figures represent micromoles of car 
bon dioxide evolved Theoretical 100 per cent hydrolysis is 15 03 micromoles 


Time elapsed 

Flasl 1 

Flask 2 

Flask 3 

Flask 4 

Flask i 

Flask 6 

Standard 

deviation* 

mxn 

5 

0 32 

0 37 

0 41 

0 35 

0 37 

0 41 


10 

1 14 

1 22 

1 26 

1 18 

1 14 

1 18 

0 047 

15 

2 07 

1 99 

2 07 i 

2 04 

1 99 

2 04 


20 

3 01 

2 97 

3 01 

2 88 

2 85 

2 93 


24 

3 70 

3 66 

3 66 

3 62 

3 58 

3 70 


35 

5 57 

5 61 

5 49 

5 53 

5 49 

5 61 


47 

7 35 

7 40 

7 32 

7 28 

7 32 

7 40 


58 

8 45 

8 57 

8 38 

8 42 

8 45 

8 54 


65 

9 15 

9 27 

9 07 

9 20 

9 27 

9 35 

0 100 

73 

9 84 

9 97 

9 76 

9 83 

9 92 

9 80 


81 

10 43 

10 68 

10 40 

10 65 

10 58 

10 48 


90 

11 25 

11 45 

11 20 

11 35 

11 35 

11 25 


110 

12 30 

12 50 

12 40 

12 48 

12 48 

12 30 


126 

13 00 

13 25 

13 10 

13_1S 

13 20 

13 20 


147 

13 80 

13 99 

13 86 

13 95 

13 95 

13 SO 

0 083 

170 

14 28 

14 41 

14 35 

14 35 

14 48 

14 25 


195 

14 65 

14 88 

14 80 

14 70 

14 83 

14 65 


205 

14 70 

15 00 

14 83 

14 90 

14 90 

14 78 



14 90 

15 10 

14 91 

15 00 

15 00 

14 82 



15 18 

15 43 

15 23 

15 31 

15 31 

15 15 


281 

15 18 

15 40 

15 20 

15 30 

15 30 

15 15 


290 

15 20 

15 43 

15 23 

15 31 

15 40 

15 20 

0 102 


* S = Vs (s’) /{A'' — 1) (Arkin and Colton (22)) 


acid) inhibits the peptidase reaction, uheieas the other split-product 
(n-tyrosine) does not 

Zeller and Mantz (9) used snake venom ammo atid oxidase to measure 
the rate of hydrolj sis of peptides bj bram peptidases m the xncmity of pH / 
They reportod an acceleration of peptidase activity as a consequence of the 
removal of ammo acid fiom the reaction mixture by means of the amino 
acid oxidase The ammo acid oxidase method thus differs stnkmgly in 
this respect from the decarboxj'lase method 
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As a test of the reproducibihtj of the method, si\ Warburg vessels con- 
taimug cathcpsm, carbobenzo\y-L-glutamyl-L-tyrosme, decaiboxjdase, and 
buffer \\eie iiin m replicate The results aie recorded m Table I 

\ccoiding to Umbieit cl al (23), the oier-all accuracy of the Warburg 
apparatus, as used undei conditions similai to the present ones, is within 
5 per cent It may be concluded that the leproducibihty of the decarboxy- 
lase method is within the limit of accuracy of the appaiatus 
As is evident from Table I, the hydiolysis of quantities of substrate of 
the order of 1 micromole ma}’’ be followed with satisfactor}' accuracy 



Fig 6 Effect of varjang the concentration of liver extract on the rate of hydrolysis 
of carbobenzoxy-ii-glutamyl-L-tyrosine Micromoles of CO evolved between 6 and 
20 minutes elapsed time after tipping The test solution contained the folloiving 
0 3 cc of 0 055 M carbobenzoxy-L-glutamyl-L-tj rosine, 0 6 cc of decarboxylase- 
citrate, and 0 4 cc of enzyme diluted with 0 9 per cent sodium chloride The enzyme 
solution was prepared by grinding up 450 mg of lyophilized liver with 6 cc of 0 9 
per cent sodium chloride, centrifuging, and filtering through Pyrex glass wool In 
the controls, water instead of substrate was tipped into the reaction imxture from the 
side arm 

As a test of the method m dealmg with a catheptic enzjme as extracted 
from crude tissue powdei, the type of experiment recorded m Fig 6 was 
performed A fairly lineai relationship between concentration of tissue 
extract and enzjTOatic activity is piesent dunng the early phase of the 
reaction The limit of sensitivity of the method under present working 
conditions is in the region of 0 1 micromole (c/ Fig b) The substrate 
carbobenzoxyglj^cyl-E-tyrosme is hydrolyzed by swine kidney carboxy- 
peptidase (15), and the course of this reaction has been followed mano- 
metrically Cysteme, which is an activator for this enzyme, has been 
found, how^ever, to have an inconstant mild inhibitory effect on the tyrosme 
decarboxylase system 0 01 m glutathione also activates this catheptic 
carboxypeptidase, but does not appreciably inhibit the tyrosine decarboxy- 
lase system 
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DISCUSSION 

The good agreement of results m which decarboxylase is omitted with 
those m which decarboxylase is piesent (cf Fig 5) is evidence that the de- 
carboxylase does not contain substances which activate or inhibit the 
cathepsm appreciabty Likevuse, a concentrate of the supernatant portion 
of a boiled decarboxylase preparation had no effect on the catheptic 
reaction 

When the activity of crude cathepsm pieparations, as contained in aque- 
ous extracts of tissue powders, is followed by titration procedures, the 
autolysis blank is found to comprise a disturbingly large fraction of the 
total titration The autolj''sis blank m such a case measures the splitting 
of numerous types of peptide bonds by a number of enzymes This diffi- 
culty IS minimized by the use of the present method, by which the rate of 
scission of very few types of peptide bonds is measured 

Specific decarboxylases have been found for the natural forms of the 
ammo acids lysme, ormthme, arginine, histidme, and glutamic acid (24) 
It IS therefore theoretically possible to follow the hydrolysis of peptide sub- 
strates contammg these ammo acids by an adaptation of the present 
method In agreement with Gale (24), w'e have been unable to find decar- 
boxylases for glycme or for leucine, usmg cultures of soil bactena and of 
Proteus vulgans 

It should be mentioned that, although some experiments have been 
earned out over a penod of hours, the possibility of an artifact due to bac- 
terial multiplication makes it advisable to rely on short reaction penods or 
to add a bacteriostatic agent 

I^Tnle the decarboxylase is used m the present experiments simply as a 
convenient mdicator of the activity of a second proteolytic enzyme, it is 
w'orth recallmg that both of these enzymes are present m the kidne}’’ (25-27) 
It IS thus possible that the present “m viiro^’ coupled reaction sequence may 
serve as a model for a process which occurs naturally w ithm the cell under 
certam circumstances, resultmg m hberation of the pressor aimne, tyramine 

From the findmg of Zeller and Maritz (9) on the acceleration of peptidase 
activity by removal of spht-products, and the one above on carbobenzoxy- 
glutamic acid, the mterestmg question arises of whether the rate of peptide 
h 3 '^drol 5 ’'sis m the cell may be mfluenced by the fate of certam ammo acid 
spht-products By remammg m the equilibnum mixture they may slow 
dmvn the degradative reaction Their removal by participation m further 
reactions such as decarboxylation, deammation, or transammation may 
facihtate contmuation of peptide hydrolysis 

SUMMARY 

A manometnc method has been desenbed for folloivmg the kmetics of the 
hydrolysis of carbobenzoxy-L-glutamyl-L-tyrosme by a preparation con 
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taming catheptic enzjnnes The method depends on the abihty of a bac- 
teiial decarbo\} Jase to split off caibon diovide from L-tyiosme, but not from 
carbobenzo\T-L-ghitamyl-i,-t-\ i osme 

The authors aie indebted to Professor Joseph C Aub foi encouragement 
and mteiest and to Di Ran D Fiantz, Ji , foi performmg the Van Slyke 
ammo nitiogcn deteiminations Di Toseph S Fruton and Di Ininn W 
Sizer offered helpful criticisms 
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A STUDY OF THE REACTION KINETICS OF A CATHEPTIC 
ENZYJME WITH A DECARBOXYLASE AS INDICATOR* 

Br n^AN D FRANTZ, Jr ,t and MARY L STEPHENSON 

(From the Medical Laboratories of the CoUts P Huntington Memorial Hospital 
of Hariard Uiuicrsity, at the Massachusetts General Hospital, Boston) 

(Recen ed for publication, March 29, 1947) 

Cathepbin actuitieb lia,\e hequenlly been lepoited xn teimb of fust ordei 
leaction constants (1, 2) The assumption has been made that such a 
procedure is justihable at the low substiate concentrations usually employed 
(3) Using a manometuc method (4) well adapted to the study of enzyme 
kinetics, we ha\c found that hidiol 3 'sis b 3 ’ swine kidnei' pepsinase follow^s 
a biphasic cur\ e, at substrate concentrations e\ en low ei than those usualh 
employed b 3 ’’ othei w otkera The purposes of this papei aie to piesent the 
e\ idence for these statements and to anal 3 ’ze furthei the leactions mvolyed 

EXPERIMENTAL 

Preparation of the enzymes and the expenmen tal methods weie as pre- 
1 iousl 3 ’’ described (4) 

Fig 1 represents an experiment in which the rates of splittmg of two 
concentrations of carbobenzox3’--L-glutamyl-L'tyiosme were measured b3' 
addition of decarbo\- 3 dase Fig 1 illustrates seyeral characteristics of 
the system (a) An mitial dela 3 ’’ occurs at the beginning of the reaction, 
before the maximum i elocity is attained (c/ also Fig 3) This delay ap- 
pears to be due m part to the time lequned foi the t 3 uosme concentration 
to rise to the constant yalue raamtamed durmg the stead 3 " state The dele's 
IS minimized b 3 ’’ use of a large excess of deearbox 3 dase (6) In this range of 
concentrations, the rate is mdependent of the substrate concentration, and 
the leaction may be said to follow zeio oider kinetics (c) As the reaction 
proceeds, the rate falls This fall cannot be due directl 3 ’' to substrate de- 
pletion In Curve A of Fig 1, the substrate concentration after 220 
minutes remams gieater than the mitial concentration for Curs'e B, and 
yet the mitial rates are almost identical 

In an attempt to explain the fall m late, flasks w ere incubated for \ anung 

* This w ork was done under an American Cancer Societj' Fellowship recommended 
by the Committee on Growth of the National Research Council This is Reprint 
No 634 of the Cancer Commission of Harvard Umversity 

t American Cancer Society Fellow 
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lengths of tune, prior to tipping Fig 2 shou s that no appreciable inactiva- 
tion of the cathepsin occurred 

Evidence was found, however, that accumulation of one of the split- 
products causes a decrease m the rate Fig 3 illustiates the inhibiting 
effect of the addition of carbobenzo\y-L-glutamic acid imtiallj' Addition 
of the other end-product, tjuamme, did not altei the late Agreement 
between the decarboxylase and ammo nitiogen methods (4) suggests that 
accumulation of tyrosme has little effect This observation also pro\ ides 
evidence agamst the unlikely possibility that the slow mg of the leaction is 
due to a mass law' effect, with levemal of the hydrolysis 




Fig 1 Fig 2 

Fig 1 Course of the reaction at high concentrations of substrate Smno kidne> 
cathepsin, 0 1 co (Curve A), 0 1 cc (Curve B), decarbowlase, 0 6 cc (Curve A), 
0 6 cc (Curve B) , carbobenzovj n glutamyl n-tj rosinc, final concentration in 
test solution, micromoles per cc , 5S (Cur\ e A), 29 (Curve B) Total volume m each 
V essel 1 3 cc , pH 5 65, temperature 25 0° 

Fig 2 Effect on catheptic activity of incubation at 25° Composition of solution 
in each vessel decarboxj lase 0 7 cc , carbobcnzoxj n glutamyl-n-tyrosme, 0 055 M, 
0 3 cc , swine kidney cathepsin 0 1 cc The vessels from which the five sets of points 
were obtained were incubated for variing lengths of time, as follows O expenroent 
begun immediately, A incubated for 30 minutes before the substrate was tipped into 
the enzj'me solution, □ incubated for 60 minutes, X incubated for 150 minutes, • 
incubated for 260 minutes 

Fig 4 shows the course ol the leactioii for lour different concentrations 
of substiate In Fig 5 the equihbiium constants foi formation of the 
enayme-substiate and enzyme-inhibitor complexes have been etaluated 
by the giaphical method of Lmeweatei and Bulk (5) The constancy of 
the ordinate intercept suggests that the inhibition is actually competitive 

Intel pretahon 

The follow mg scheme seems to descnbe fairly well the reactions which 
occur m this system 
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Substrate + cathepsm ^ ^ cathepsm substrate complex 

A. 




carbobcMovy-iy-glutamic acid + i< tj rosine + cathepsm 


i.-T\rosinp 


decarboN^lasc 

Z 


-> t\ramme + CO 


Carbobenzow L-glutamic acid + cathepsm 



carbobenzo\y-L-glutamie acid cathepsm complex 


In the discussion of these leactions, the following symbols ynll be used 


S 


jSo 

t 

w 

I 

I 

E 

Eo 

V 

V 


K. 


= concentration of carboben2o\j -l glutamyl-L-tyrosme in micromoles per cc 
at time I 

= initial concentration of carbobenzoxj -L-glutaniyl-n-tj rosine 
= time in minutes 

= amount of carbon dioxide evolved per cc of test solution, in miciomoles, up 
to time i 

— concentration of carbobenzoxj -l glutamic acid in micromoles pei cc at 

time I 

= tj rosine concentration in micromoles per cc at time t 

— cathepsm concentration in arbitrary umts at time t 
= initial cathepsm concentration 

= V elocitj of hj drolj sis m micromoles per minute per cc of test solution 
= /3E0, the xelocitj of hx drolj sis when the enzjme is saturated 


T. 




In the development of this method foi piactical use, relatively large 
concentrations of decai boxylase have been used to make the cathepsm ac- 
tivity the dominant factor deteimmmg the ovei-all velocity The tyiosme 
concentration is alvays extremelj low Under these conditions, it seems 
justifiable to assume that the decarboxylation follows first order kmetics 
The diffeiential equation for the final reaction mav then be expiessed as 
follow s 


If ve neglect the small amount of substiate tied up in intermediate com- 
plexes, the mitial substrate concentration should equal the sum of the 
substrate concentration at time f, the tyrosine concentration, and the 
amount of carbon dioxide evohed 


5o = S + ^ + 


( 2 ) 
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Fia 3 Fio 4 

Fig 3 Effect of the additiou of carbobenzo\y-i.-glutanuc acid on the aotivitj 
of cathepsin The compositions of the solutions in the Warburg vessels ivere as fol 
lows swine kidnej' cathepsin 0 1 cc , carbobenzoxj-n glutamyl -L-tjrosine, 0125 
M, 0 3 oc , decarboxylase 0 4 cc , carbobenroxj’-n-glutamic acid, 0 125 m, 0 co (Curve 
A), 0 15 cc (Curve B), 0 3 cc (Curve C) All volumes were made up to 1 1 cc , pH 
5 6, temperature 25 0 ° 

Fig 4 Effect of varying substrate concentrations Substrate concentrations, 
micromoles per cc , 30 3 (Curve A), 10 8 (Curve B), 6 5 (Curve C), 4 7 (Curve D) 
Other constituents in each flask swune kidnej cathepsin 0 1 cc , decarboxylase 0 6 
cc Total volume in %ach flask 1 3 cc , pH 5 4, temperature 25 0° Theoretical 
points for each concentration are represented by □, and were calculated by means of 
equation (12) The values for V, K,, and K, were calculated as described under 
Fig 6 


Solving foi Z and substituting in equation (1), we obtain 

dir 

— = /,n' w 

at 

A moie convenient form toi mtegiation may be obtained by miiltiplving 
equation (3) by di, adding UWdl to both sides, and multipljung bv the 
factor e^*‘ to convert the left hand member to an exact differential 
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Eqiutioii (5) fumishob a ineatxs of calculating the amount of carbon 
(iioMclc e\ohc(l, pioMdcd \\c can hnd S, the substiate concentration, in 
terms of I and then eiahiate the integial Undei teitam conditions, these 
opeiatioii"' aie po'^sible Eiibl, let us coiibidei the bimplcbt case, nhen the 



Fig 5 Evaluation of V, K,, and K, v is expressed in micromoles per cc per 
minute and iS in micromoles per cc Concentration of carbobenzoxj -c-glutamyl-L 
tyrosine, micromoles per cc , 30 3, 10 8, 6 5, 4 7 Concentration of carbobenzoxj’’ c 
glutamic acid, micromoles per cc , 30 3, 30 3, 30 3, 30 3 (Curve A) , 7 58, 7 58, 7 58, 7 58 
(Curve B) , 0 for each (Curve C) Other conditions ii ere the same as for Fig 4 
1/F IS represented bj the ordinate intercept The value 6 5 was used m the calcula 
tions, giving 0 154 micromoles per cc per minute for T', K,/V is represented by the 
slope of Curve C, K,v , is calculated to equal 12 6 micromoles per cc , or 0 0126 mole 
per liter Sufficient data have not been collected to permit calculation of a statisti- 
calh significant Alichaelis constant The one arrix ed at in this experiment happens 
to be the highest that has been obtained Experiments vrith different cathepsin 
preparations bate led to values as Ion as 0 0041 mole per liter A", nas calculated 
from the folloning relation, K, + K.I/K, — 1' times the slope of the line Curve A 
gives a value of 0 0094 and Curve B 0 0110 mole per liter For the theoretical points 
on Fig 4, the value 0 01 was used 

bubstiate concentiation ib so laige that the late of hydiolysis is mdependent 
of it and IS determined entirely by the cathepsin concentration Refernng 
to the sj’^stem of velocity constants ongmallj defined, w e maj v nte 


( 6 ) 
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Integrating and evaluating the constant of integration, v e obtain 

iS = So — hzEol (7) 

Substituting this value foi S in equation (5), integrating, and evaluating 
the constant of integration, we find 

IF = IzEol - ^ (1 - (8) 

t A 

Ne\t, let us consider the situation in which the initial substrate concen- 
tration IS so low that the hydrolysis is first ordei TJndei these conditions, 
the substrate concentration will fall along a “die away” cuiwe 

S = Soc-'“ (9) 


Substituting this value in equation (5), integrating, evaluating the con- 
stant of integration, and simplifying, we obtain 


(A4c-^>' - (10^ 

Equation (10) is identical with that given liy Daniels (6) foi consecutive 
monomolecular reactions 

To describe the conditions actually existing at laiious concentrations 
of cathepsin and substrate, w e must include both zero and first oidei terms 
Inhibition by one of the split-products must also be considered As direct 
an approach as any to this pioblem begms with an equation given by Line- 
w'eaver and Burk (5) for velocity in the presence of a competitive inhibitor 



A detailed denvation of equation (11) is presented by Wilson (7) 

In the hydrolysis of caibobenzo\y-L-glutamyl-L-tyiosine, the concentra- 
tion of inhibitor, I, is not constant, but is equal to the amount of substrate 
decomposed. So — S If we substitute this value foi 7 in equation (11)) 
substitute —dS/di foi v, integrate, and evaluate the constant of integration. 


IF 




_ K,K. + K,So So K,- K, 


( 12 ) 


Michaelis and Menten (8), studying the splitting of sucrose by mi ertase, 
found that both split-pioducts w'eie inhibitory They denved an equa- 
tion w^hich reduces to equation (12) if mhibition by one split-product is 

neglected - 

Equation (12) provides a relation between the time and the amount oi 
substrate hydrolyzed, thiougliout the biphasic reaction In the piesence 
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of a large excess of decaiboxylase, the amount of caibon dioxide produced 
may be considered to be equivalent to the amount of substrate decomposed, 
and the theoretical course of the leaction may be plotted Fig 4 shoivs a 
compansoii of the obseived and calculated eunes over a limited range of 
substrate concentrations 


DISCUSSION 

It IS inteiestmg to notice that equation (12) becomes foimally identical 
uitli an integrated equation denved by Van Slyke and Cullen (9), if l/if, 
= 0, implying no inhibition In the deiivation by Van Slyke and Cullen, 
hou evei , K, equals kz/h, hz is neglected, and K, vanes with U In the case 
of urease, this situation seems to hold Chance (10), studymg pei oxidase, 
uas able to measuie the three constants directly, and also found kz to be 
very small in comparison w ith kz Michaelis and Menten (8), on the other 
hand, assumed that Iz vas negligible in comparison vith Ai and kz Lme- 
ueaier, Burk, and Doming (11), stud 3 'mg nitrogenase m Azoiobader, de- 
duced evidence in suppoit of the ongmal assumption by Michaehs and 
Menten Biiggs and Haldane (12) pomted out the fact that K, aotually 
lepresents (kz + kz)/ki 

Chance (10) obtained paiticulai solutions of the differential equations 
of the Michaelis theory by means of the differential analyzer His theoreti- 
cal curves differ slightly from those plotted from the equations discussed 
above m that the}'' mclude a veiy bnef mcreased rate at the beginnmg, 
while the enzyme-substiate complex is building up to its maximum value 
The methods of obtammg general solutions of the differential equations 
employed above, and by Michaelis and Menten, Van Slyke and Cullen, 
and Bnggs and Haldane, succeed only because the assumption is made 
that the rate of change in concentiation of the enz}Tne-suDstrate complex 
IS neghgible m comparison with the rate of disappearance of substrate 
Obviously this assumption is not valid at the beginning of the reaction 

The behavior of the terms mvolvmg in equation (12) is mterestmg 
at low values o( Sa — S AsSq — S approaches 0, each of these terms also 
approaches 0 By expansion of the loganthmic term in Maclaunn’s 
senes, however, it may be shown that the sum of these terms constitutes a 
second order infinitesimal with respect to iSo — S This lelationship is 
another w'ay of statmg that early in the reaction inhibitoi^'- effects due to 
the split-pi oducts aie negligible 


SUMSIABX 

1 The kinetics of the splitting of carbobenzoxy-n-glutamyl-L-tyiosme 
by swme kidney pepsinase have been studied, wnth the aid of a tyrosme 
decarboxylase 
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2 The hydrolysis has been sho'vm to follow a biphasic curve, vath zero 
order kinetics earlj’' in its course 

3 One of the spht-products, carbobenzox}’--L-glutamic acid, has been 
shown to inhibit the catheptic activity 

4 Over a limited range of substrate concentrations, the experimental 
curves have been shown to agree fairly well wuth theoretical curves based 
on the theor}’- of formation of an enz 3 Tne-substrate complex 

The authors are mdebted to Professor Joseph C Aub and to Dr Paul C 
Zamecmk for their interest and encouragement 

The carbobenzoxj"-L-glutamic acid used in these experiments was syn- 
thesized by Dr Max Brenner and was kmdly furnished by Dr Paul C 
Zamecmk 
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A COLOR IlMETRIC METHOD FOR THE DETERMINATION OF 
DESOXLTITBONUCLEIC ACID 

Br P K STUMPF* 

(From the Department of Epidemiology and the Ftrus Laboratory, School of 
Public Health, University of Michigan, Ann Arbor) 

(Received for publication, April 28, 1947) 

1 hough several useful reagents have been developed to determine the 
presence and concentration of deso\ 3 mbonucleic acid (DNA) (1-3), all 
have been found to react n ith 3 '’east nucleic acid and other natural products 
Dischc in 1944 (4) reported that, in the presence of ej’^steme and sulfunc 
acid, DN giics a stable pink coloi which is proportional to the concen- 
tration of the nucleic acid The present communication deals ivith the quan- 
titatn e application of Dische’s reaction to the specific estunation of DNA 

EXPEIUHCENTAL 

Principle — Tlie method depends on the production of a pink color by the 
reaction of cysteme and sulfunc acid with DN 4. Snice pentoses do not 
jaeld a color reaction mth c 3 '-steine and sulfunc acid, /east nucleic acid is 
unreactive Theiefoie, despite the presence of ribonucleic acid (RNA), 
a direct estimation of desoxyribonucleic acid can be made 

Reagents — 

1 5 per cent C3’’steme hydiochlonde (Eastman Kodak Company) sol- 
ution in V ater 

2 70 per cent sulfuric acid 

3 DNA standard 0 05 per cent solution of sodium desoxynbose 
nucleate^ in watei solution kept at 4° The N P ratio of the sodium salt 
'vas 1 1 06 (theoretical, 1 1 69) 

4 RNA standard 0 05 per cent of sodium nbose nucleate^ m vater 
solution kept at 4° The N P ratio of the sodium salt vas 1 1 69 (tlie- 
orctical, 1 I 69) 


Procedure 

To a test-tube are added 0 05 cc of 5 per cent cysteme hydrochlonde, an 
aliquot of the unknoivn solution, the voliune of vhich should not be more 
than 0 5 cc , and 5 cc of 70 per cent sulfunc acid The mixtuie is then 

*Thi8 vork has been supported by a grant from The National Foundation for 
Infantile Paralysis, Inc 

* We are indebted to Dr Martin Hanig of this Department for a generous sample 
of sodium thymonucleate 

* Obtained from the Schwarz Laboratones, Inc , New York 
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stirred rapidly ivith a glass rod, and, after standing 10 minutes at loom 
temperature, optical densities are measured at the 480 m/ii u ave band mth 



Fig 1 Relationship between the light absorption at 490 mp and the concentration 
of DN4 



Fig 2 Absorption curve of the chromogen formed b}^ the interaction of DNA 
with cysteine and 70 per cent sulfuric acid 

the Beckman quartz spectrophotometei A i eagent blank is used to set the 
mstrument scale to 0 

The concentration of DNA can then be detei mined bv interpolation from 
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a standard ciuvc propaicd bv plotting tho leadings against the knoim 
concentrations of D\A as is sliown in Fig 1 Hon ever, a standard of 
about 250 of DK ni<u also be prepaied and, from the leadings of the 
standard and the unknowns, the conceiitiation of the lattei may be cal- 
culated 

As IS indicated in Fig 1 , the cui \ e follows Beei ’s law' from a concentration 
of 25 to 550 ■)’ Below 25 y the emve flattens out and abowe 550 y the 
color becomes too intense foi accuiatc leadings Fig 2 shows that max- 
imum absorption otcuis at 490 m//, and tint above and below this sharp 
peak theie is a lapid diop in light absoiption Although the Klett-Sum- 
merson colonmetci can be employed wuth the 540 m;i filter, the sensitivit3' 
of the method falls considciablj 

Factors Involved foi Production of Colai Intensity 

Cysteine — It has been obseiied that varying the concentration of cys- 
teiq.c changes the coloi intensitj' produced bj' a given concentration of 
DNA Optimum concentration of C}'-steine for maximum coloi develop- 
ment has been found to lie 0 05 cc of 5 per cent cysteine h3’drochlonde 
As lb indicated in Table I, there is a shaip fall if this concentration is not 
employed 

Concentration of Sulfiaic iad— \s is shown m Table II, the color m- 
tensit3'' IS sen«itn e to a change in the concentration of sulfuric acid No 
color IS formed if the acIdlt^ is too low, while concentrated sulfunc acid 
3nelds a 3'ellow color w ith DNA Maximum coloi intensit3'' is developed 
when 5 cc of 70 per cent sulfuric acid aie used The final or ciitical con- 
centration of acid IS, thciefoie, 03 pei cent Conccntiated h3'diochloric 
acid produces no coloi with the C3'steine-DNA S3btem 

Tempcratvic — The determination is earned out at loom temperature, 
w'hich averages between 23-25° Theie is little, if any, increase in color if 
the reaction mixtui e is incubated foi 5 minutes at either 37°, 45°, or 65° 
Stability in Color — The color is unusua]l3’' stable and does not fade oi 
change There is, howeier, a slight incieabe in coloi intensit3'' wutli time 
Therefoie, it is important to caii3'out all readmgs after a standard time 
mten al in older to obtain leproducible lesults 
Specificity of Method — The method is of consideiable i alue with mixtuies 
of RNA and DNA, since a diiect inal3 sis of DNA w ithout interference from 
RNA can be made B3' eraplo3ang this method together with Bial’s 
reaction (5) foi RNA, accuiate deteiminations of both acids can easih' be 
earned out Foi example, 111 an aiialjsis of a known mixture of 150 7 of 
DNA and 100 7 ot RNA, 143 7 of DA A weie found directly by this method 
and 103 a of RN'A by Bial’s reaction (aftei the color intensity contnb- 
nted by DNA w'as subti acted fiora the total green color (at 660 mg)) 
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Not only is the reagent specific foi DNA, but it fails to react -with 1 mg 
of the follomng compounds phosphoglj^cenc acid, glycerophosphate, 
glucose-l-phosphate, glucose-G-phosphate, glucose, arabmose, alanme, 
\anthine, nicotinic acid, coenzjnne 1, adenosme tnphosphate, and cieatine 
Fructose and its denvatn'e, fructose-1 ,6-diphosphate, gai e a slight yellow 
color However, m anj’’ nucleic acid estimation of tissues, the nucleic acid 
extraction piocedure developed by Schneider (G) should be employed to 
remove mterfenng substances, such as fnictose dern atives 


Table I 

Effect of Concenlralton of Cysteine on Color Intensity 


Volume of 5 per cent cjsteine 
hydrochloride* 

Optical dens>t> , log y 

Maiimuia color intcnsitj 

« 


ter cent 

0 00 j 

0 000 

0 

0 01 

0 183 

59 

0 025 

0 290 

93 5 

0 05 1 

0 310 


1 

0 250 

80 7 


* 250 y of sodium DN A., 5 cc of 70 per cent sulfuric acid , and the indicated amounts 
of 5 per cent cisteine hj drochloride 


Table II 

Effect of Different Concentrations of Sulfuric Acid on Color Intensity 


Concentration of added 
BuUuric acid* 


Color of solution 

Maxmium color 
intensity 

per cent \ 



per cent 

so 

0 00 


0 

60 

0 129 

Pink 

37 5 

70 

0 345 

<< 


80 

0 332 

it 

96 

90 i 

0 260 

Yellmt 

! 76 

100 

0 177 

(( 

62 


* 0 05 cc of 5 per cent cysteine hydrochloride, 250 y of sodium DNA, and varjung 
concentrations of sulfuric acid to make a total volume of 5 55 cc 


The authoi is deeply mdebted to Di Z Dische for calhiig his attention to 
the fundamental obsen^ation of the cysteme-sulfunc acid-DNA reaction 

SUMMAEI 

A specific colonmetric method for the determmation of desoxyribonucleic 
acid has been descnbed Since nbonucleic acid yields no color with the 
reagent, desoxymbonucleic acid may be estimated, wothout interference, m 
the presence of nbonucleic acid 
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A COMPARATIVE STUDY OF THE METABOLISM OF 
«-.\LANINE, /3-ALANINE, SERINE, AND ISOSERINE 

ir GLYCOGEN CONTENT OP THE LIVER AFTER ORAL 
ADMINISTRATION OP THE AMINO ACIDS 

Br FRANCES A SCHOFIELD* and HOWARD B LEWIS 

(From the Department of Biological Chemistry, Medical School, University of 
Michigan, Ann Arbor) 

(Received for publication, May 1, 1947) 

That the administration of protem leads to an increased content of glyco- 
gen m the hi er, a subject of some controversy m the early part of the pres- 
ent century' (1), is now generally accepted It is also recognized that 
glyconeogenesis from protem is related to the glyconeogenetic properties 
of the mdividual ammo acids, components of the protem molecule The 
behavior of a considerable number of the natural ammo acids as sources 
of glycogen has been studied Some of the results have been difficult to 
mterpret as uniform experimental conditions (e g , age, sex, and weight 
of the expenraental animals, previous diet, penod of fastmg pnor to the 
admmistration of the ammo acid, penod elapsmg after admmistration, 
etc ) have not been mamtamed 

Of the ammo acids thus studied, the most consistent results have been 
obtamed with alanine' m both rats (2-5) and mice (6) The present study 
IS concerned with the content of livei glycogen of young white rats fed 
D-, L-, and DL-alanme, /3-alanme, nn-senne, and Di/-isoserme A study of 
the results obtamed with the three isomeis of a-alanme should afford evi- 
dence as to the effect of stereoisomeric vanation on glycogen formation, 
companson of the studies with a- and /3-alaiime and with senne and iso- 
senne should show any effect of the shifting of the ammo group from the 
(X to the |S position, and a companson of a-alanme and senne and of /3- 
alanme and isoserme should reveal the mfluence of the introduction of a 
second reactive group (the hydroxyl group) into the molecule of the mono- 
ammo derivatives of propionic acid This is one of the few studies m 

* Present address, Randolph-Macon Woman’s College, Lynchburg, Virginia A 
part of the experimental work was carried out in the chemical laboratory of the Ran- 
dolph-Macon Woman’s College Financial support Das available through a grant to 
one or Us (S ) from the American Association for the Advancement of Science, ad- 
ministered by the Virginia Academy of Science 

* In earlier work cited (2, 4), the older ammo acid nomenclature is used, d-alamnc 
of previous papers is the naturally occurnng isomer designated in the present paper 
as n-alanine 


373 




F V SCHOFIELD AND H B LEINHS 


375 


after admiiu‘,t ration of the “unnatural” isomer,* D-alamne, nassomenhat 
less, but statistical anal} ses (Column B, Table I) indicate that the difference 
between the icsuKs with dl- and D-alamne is of doubtful significance No 
significant difference between the glj'cogen of the In er of the control group 
and of the gimip icccning ^-alanine was obseued (Column A, Table I) 


Table I 


Slaltsttcal Comparison of Glycogen Content of Liver after Absorption 
of Ammo Acids during S Hour Periods 


In Column A, tbc content of hepatic glycogen after the administration of 
the amino acid under consideration is compared statistically with that of the control 
(fasted) group, in Column B, with that of the dl alanine group, in Column C, with 
that of the d alanine group, and in Column D, with that of the dl serine group 


No 

of 

rats 

Ammo ivcid 

Liver glycogen 

(t for difference of means 

Maxi 

mum 

Mim 

mum 

Mean 

iX) 


(A) 

(B) 

(O 




Ptr 

cent 

fier 

eeni 

per 

cent 






B! 

Controls 

0 359 

0 127 

0 209 

0 00381 





14 

DL-Alanine 

1 90 

0 92 

1 42 

0 0734 

17 1 




18 

n-Alaninc 

1 84 

0 41 

1 10 

0 118 

10 6-1- 

2 9 
(0 001 
<P<0 01) 



17 

L- Alanine 

0 89 

0 28 

0 54 

0 0241 

7 84 

10 0 

6 10 


13 

j3 Alanint 

0 365 

0 056 

0 17 

0 0126 

1 26 

(0 2 

<F<0 3) 




12 

DL-Serine 

1 48 

0 18 

0 83 

0 164 

6 05 

4 5 



12 

DL-Isoserine 

0 54 

0 19 

0 41 

0 0139 

6 21 

13 7 


3 48 
(0 001 
<P<0 01) 


* 


Unbiased estimate of the population variance 



SfZ - a-)A 
A'-l } 


t The values of £ not in bold-faced type are £ values as calculated by “Student” 
Pisher For explanation of the values of £ in bold-faced type, foot-notes to Table I 
of our previous paper (7) should be consulted 


The deposition of hepatic glycogen was gieatci aftei the feedmg of d- 
alamne than uftei L-aKmne, the natural isomer The difference w as showm 

’ It 18 realized that the term “unnatural” isomer may not be entirely justified in 
view of the presence in certain bacterial (and perhaps other) proteins of considerable 
amounts of n-amino acids We have used the term as synonymous with d ammo 
acid, since the greater part of the amino acids of the molecule of the usual type of 
proteins is composed undoubtedly of ammo acids of the l configuration 
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to be statistically significant (Column C, Table I) This result was un- 
expected and IS difficult of explanation The only comparable senes of 
studies with isomenc alanines with uhich we are familiar are those of Mac- 
Kay and his cowmrkers with w hite mice (6) o-Alanme was much infenor 
to L-alanme as a source of glycogen Moreover, it ivas noted that racemic 
alanme and an equimolar mixture of the o and L isomers of alamne w^ere as 
effective m the augmentation of liver glycogen as was the natural isomer, 
L-alanine In our experiments, dl- and o-alanine were almost equally 
effective, w hile the glycogen formation after the administration of L-alanine 
was much less In our previous experiments (2), the glycogen content of 
the liver after a 3 hour absorption period was essentially the same wuth 
DL- and L-alanine ^ Both the present results and those of our earlier ex- 
periments are contrary to those of Butts and his associates (4), w'ho ob- 
served that the liver glycogen after L-alamne wms almost double the value 
observed after DL-alanine It should be noted that these workers used 
larger rats, fasted for 48 hours, and that the penods of absorption w'ere 8 
rather than 3 hours 

D- Alamne is almost completely converted to glucose m the phlorhizmized 
dog (10) It IS knowm that tissue slices of the kidney and hver of rats 
(11-13) dearamize D-alanine more rapidly than L-alanme Similar evi- 
dence in the intact animal is not available In the frequently cited expen- 
ments of Abderhalden and Tetzner (14), DL-alamne was injected ml 
cutaneously into rats, and in a single experiment a denvatn e of D-alanine 
wms isolated from the unne m amounts equivalent to about 16 per cent of 
the DL-alamne injected or 32 per cent of the d isomer MacKay, Wick, 
and Barnum ((6) p 186) in a foot-note conclude that in vivo D-alanme is 
utilized more slowly in the rat than the l isomei They also state that 
after “large” doses of l- and D-alanine w'ere fed to rats, 5 and 27 per cent 
respectively of the alanine fed w ere recovered in the urine if all the extra 
ammo nitrogen wms assumed to be alamne mtrogen No determinations 
of optical activity or isolations w'ere attempted, however 

If D-alamne is deamimzed more rapidly than L-alamne, it is possible that 
the unnatural ammo acid is not as readily available for metabolic func- 
tions and that pyruvic acid, formed in oxidative deamination, may be 
rapidly converted to glycogen More detailed studies of the fate of n 
alamne by the use of improved analytical procedures are necessary to 
clanfy this 

The failure of j3-alanme to serve as a glycogen precursoi w^as not unex- 
pected in view of the observation that the ingestion of / 3 -alanme by the 
phlorhizmized dog did not result m extra urinary glucose (15) ^-Alanine 
is not readily deamimzed by liver or kidney slices of rats (12) 
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In confirmation of the obsenations of Butts and co^\orkels (16), dl- 
seiinc nas a good souicc of Iner gtycogen, although inferioi to DL-alanme 
(Column B, Table I) The difference bct^^een the availability of DL- 
alanme .md DL-seiinc as jnccuisois of glycogen vas not as maiked as the 
dilTeience between then lates of oxidation in expeiiments wuth tissue slices 
(12) With both Iner and ludney slices ol lats, the late of oxidatne de- 
amination was distincth loweied bv the piesence of a h5"dio\yl gioup m 
the /? position (12) 

It was not anticipated that DL-isoseiine would be an important souice 
of glycogen, in i lew of the obsei \ ations that it is slow absoibed fiom the 
intestine (7) and that no oxidatne deamination by eithei kidney oi hvei 
slices occuired (12) Despite this physiological inactivity in zn vtbo ex- 
periments and the pool absorption from the gut, some increase m the hvei 
gb'cogen was obsei \ed, although the values weie less than those of any of 
the othei expeiimental series, except those of animals fed ;S-alamne That 
isosenne may be conv erted to glucose in the phlorhizinized dog is showm in 
a single experiment of Kawada, in which extia glucose conesponding to 40 
per cent of the theoretical amount (on the assumption that all 3 carbon 
atoms were converted to glucose) was excreted in the iinne (17) 

The present experiments include a compaiative stiid-v of glycogen foma- 
tion earned out under as iieailj^ uniform experimental conditions as pos- 
sible The lesiilts aie in agi cement with earliei observations that the 
amino deiivmtRes of propionic acid of the piotein molecule, alanine (2, 4, 
5) and senne (15), aie among the most effective of the amino acids in pio- 
moting a lapid increase of hepatic glycogen m the fasting rat The late 
of glyconeogenesis has been emphasized b 3 '^ a number of im'^estigators 
(2, 5, 6) Othei factors also play a role The increase of hvei glycogen w as 
less W'heii alanine in a gum tragacanth solution w as administered than w hen 
an aqueous solution was fed (16) Manj^ other seemmgly unimportant 
factors may be concerned For this leasoii it is desirable to mamtain 
uniform conditions of expenmentation if lesults are to be compared 

The results obtamed in this study wuth the stereoisomeis of alanine are 
difficult of explanation They should be lepeated and extended if possible 
In particular, the use of longei peiiods of absoiption is desirable, piov ided 
that propel control conditions are established 

SUMRIARl 

1 The deposition of gl> cogen in the liv^ei of fasted young w lute rats after 
the oral administiation of vmrious monoamino deriv'^ativ'’es of propionic 
acid has been studied 

2 The increase of liver glycogen aftei a 3 lioiii absorption period may be 
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listed in the following descending order on- and n-alanme (essentially the 
same), nn-serme, n-alamne, and nn-isoserme In all these cases, the coni- 
pansons with the hver gtycogen of control (fasted) animals show ed the re- 
sults to be of statistical significance The liver glycogen after administra- 
tion of jS-alanme did not differ from the control values 
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\ COMPARISON OF THE HO^VE AND THE ELECTROPHORETIC 
METHODS FOR THE DETERMINATION OF 
PLASMA ALBUMIN 

Br MAEY L PETERMANN,* NELSON F YOUNG, 

AND KATHARINE R HOGNESS 

(From the Sloan-Kellenng InsMuie for Cancer Research, New York) 
(Received for publication. May 3, 1947) 

During a study in this laboratory on the variations m the total ciiculating 
plasma pi otein and its albumin and globuhn components m patients with 
gastiic cancer (Homburger ct al (1)), the albumm fraction was measured 
by both the Hon e chemical method (which determmes the protem soluble 
in sodium sulfate (2)) and the electrophoretic method A review of the 
literature indicates that the values for the albumin fraction obtamed by 
the Howe method are someu hat higher than those obtamed for this com- 
ponent by electrophoresis, but it has been generally assumed that the 
differences between the results are relatively constant In this communi- 
cation IS presented an extensive comparison of the albumm concentrations 
found by these two methods on the same blood samples The results de- 
monstrate unde fluctuations in the differences between the values and 
provide data which afford a partial explanation of these fluctuations 

Methods 

Blood samples were taken from normal subjects and patients in the 
postabsorptive state On one sample total protem and the so called “al- 
bumm” by the Howe method were measured On a second sample the 
electrophoretic pattern was determined 

For the total protem and chemical “albumm,” the blood samples w^ere 
added to flasks coated with dry sodium citrate The protem soluble m 
sodium sulfate was separated by How'e’s method, as modified by Robinson, 
Pnce, and Hogden (3), to avoid filtration errors All protem determi- 
nations were made by Kjeldahl analysis and were corrected for non-protem 
nitrogen 

For the electrophoretic analyses, the blood samples were taken into 
syringes containing 0 1 volume of 5 per cent sodium citrate The plasma 
was diluted with buffer to a protein concentration of 2 15 gm per 100 cc 
and dialyzed for 2 days agamst two lots of buffer The buffer w as 0 06 
M m diethylbarbitunc acid and 0 008 m m citnc acid, with enough sodium 
hydroxide to bnng the pH to 8 6 The lomc strength of this buffer w 

* Fmney-Howell Research Foundation Fellow, 1946-47 
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0 098 The mobihties of the plasma pioteins aie highei in the piesence 
of citrate than in baibiturate alone, and Mith a potential gradient of 7 
\ olts pel cm , an analysis can be made in the long cell in 110 minutes The 
percentage of each component agrees closelj’- wth that obtained in barbi- 
turate alone, and the boundaries separate moie sharpl}^ The boundanes 
were lecorded by the scanning technique of Longsivorth (4) Enlarged 
tiacings ivere analyzed by the method of Svedbeig and Pedersen (5) For 
each component, the values obtained on the ascending and descending 
bides were averaged 

Because samples of plasma w'eie obtained at irregulai intervals, the 
effect of freezmg w as ini estigated Samples of about 7 cc w ere shell-frozen 
with dry ice and alcohol m small Pyrev bottles, stored in a deep freeze 
cabmet at —40°, and subsequentlj’’ thawed rapidly bj’' rotation m water 
at 30° No mciease m tuibidity Avas observed, and there W'as no change 
m the electrophoretic pattern Samples w'ere, therefore, stored in this 
fashion routmel}'^ The effect of lapid freezing and thawing on plasma has 
been discussed by Strumia (6) 

In two e\penments, a 10 cc sample of plasma was fiactionated by the 
sodium sulfate procoduie The piotem m the filtiate Avas piecipitated 
by dialysis against satuiated ammomum sulfate, ledissolved m a small 
A'olume of sahne, and dialyzed against saline until free of sulfate It was 
then dialyzed against the a eronal-citrate buffer and anahzed electrophore- 
tically 


Results 

In a series of eighty experiments, the sodium sulfate-soluble protein 
(S P ’) values^ exceeded the albumin* by amounts vdiying fiom 1 to 39 per 
cent The lesults aie indicated by the holloAv symbols m Fig 1 The 
solid sjmibols lepiesent the same R P Aalues plotted against the sum of 
the electiophoietic albumin, ai- and a 2 -globuhns These points cluster 
aiound the dash line, A\hich is the line of exact equumlence The S P 
Aalues thus lepiescnt the total amount of dlbumin and a-globulin lather 
than the albumin alone 

In nonnal subjects the S P values generally include a few per cent of 

1 Although the original definition of plasma albumin was based on solubility, it now 
seems advisable to reseri e the term albumin for that fraction of the plasma protein 
which migrates as a single electrophoretic component in short time experiments at 
pH 8 6 The Howe “albumin,” which consists of the electrophoretic albumin and 
variable amounts of globulin, is here referred to as “sodium sulfate-soluble protein, 
or the “S P ” fraction 

2 Since in the normal range small changes m percentage of albumin can cause large 
changes in the albumin to globulin ratio, the results have been expressed as percent 
age of total protein 
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othei piotoiii as well >s both a-globuhns lhat tlub is piobnbly /3-giobiiIni 
IS sho\Mi b\ n slIId^ of tlio pioteins included in the S P fraction 
Eleetioplioiclic an ihses of tno plasmas and the S P fi actions obtained 
from them aie gnen in filile I Tlie columns maiked “theoretical per 
cenf’shoM tiie c dcu! iled composition of an S P fiaction fiom uhich the 7- 


PROTEIN 

SOLUBLE 

IN 

SODIUM 

SULFATE 

PER 

CENT 


Fig 1 A comparison of the percentage of the plasma protein soluble in sodium sul - 
fate n ith the percentage of various electrophoretic components The hollov sj mbols 
are plotted against the albumin alone, the solid sj mbols are plotted against the 
sum of the albumin and a-globulins 0,0 = normal subjects, A, A = patients vith 
gastne ulcer, 0,M — patients nith gastric cancer, X, X = imscellaneous patients 

and /3-globuhns and fibimogen have been remo\ed quantitatively The 
observed values are those obtained by' elect! ophoietic analj'sis of the S P 
fractions of the same plasmas In Patient 2 (Hodgkin’s disease) the ex- 
pected amounts oi each a-globulm and a httle ;8-globulm were found m the 
S P fraction In the normal subject the S P fraction was extremely' 
turbid The tuibidity migrated with the ai-globulin, anapRis of the 



PER CENT 

albumin 

ALBUMIN + OC- GLOBULINS 
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tracings Mas difBcult but the sum of the a-globuhns Mas close to the cii 
ciliated value 6 per cent of /3-gIobulm Mas also present 
In fifteen cases, the plasma proteins Mere studied on several occasions 
These experiments shoM to Mhat extent the S P i alues reflect changes in 
the albumin of patients m ho are being folloM ed dunug metabohc studies 
The results are gu en in Fig 2 The first column shoM'S three sets of analj'ses 
on subjects on the ordinarj' hospital diet The first is a normal subject, 
the second is a patient Mith Hodgkin’s disease, and the tlurd had lympho 
sarcoma In the second column are gu en the results on three patients 
Mith gastric ulcei m ho received large amoimts of protein h 3 'drol 3 '’sate In 
both sets of experiments the S P \ alues folIoM the sum of the albumin 
and a-globulins closelj' Since the amount of o-i-globiibn is small and 


Table I 

Eleclrop} orettc inalysis of Whole Plasma and of Sodium Sulfale-Soluble Fraction 


Normal subject 

Patient 2 


Whole 1 

S P fracUon 

MTiole 

s P fraction 


plasma 

1 

Theoretical 

1 Obseracd 

plasma 

Thcoitti al 

Obseived 


fcr cent 

per c«B< 

per cent j 

per cent 

per eefit 

percent 

Albumin 

56 1 

78 5 

73 1 


38 9 

68 2 

64 9 

ai-Globuhn i 

6 2 

8 7] 

11 7] 


11 5 

17 2 

18 Id 



\ 21 6 

1 

1 

I 21 4 




ofj-Globulin , 

92 , 

12 9) 

9 7 


16 5 

24 b 

22 7 

g-Globuhn 

12 0 


5 6 


i 15 1 

1 

4 4 

Fibrinogen 

5 6 

1 

0 


4 5 


0 

7 Globulin 

10 8 

i 1 

1 1 

0 

1 

* 13 6 


' 0 


relatnelj^ constant, lanations in this component are unimportant The 
as-globuhn, hoMe\er, can be markedlj'" increased in the presence of Masting 
disease, as has been shoMm bj’ Shedlovskj" and Scudder (7), and more 
recenti}’' bj^ ChoM (8) Since chmcal improvement niaj"- be accompanied 
bj a decrease in a 2 -globuhn as M'ell as by an increase in albumin, the S P 
1 alue ma} fail to shoM an}’’ change This is illustrated best bj" the case 
of Patient 2 in Fig 2, it shoMs up to a lesser degree in Patients 1, 5, 9, 10, 
and 12 

A much greater difficulty is illustrated bj”" the results on patients mtn 
gastnc cancer Mho received protein hj’^drolysate In some cases (Patients 
12, 15) the changes in the S P lalue reflect changesin the albumin com- 
ponent quite accurately In others (Patients 7, 8, 13, 14) the fluctuations 
m the S P values seem to be qmte independent of changes m the albumin 
fraction dunng the first 20 days of treatment If this happened on v 
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Fia 2 The changes m the S P fraction and in the electrophoretic components of 
the plaStna protein The ordinate shows percentage of the plasma protein The ab 
scissa shows time in days Experiment 7 lasted 85 days, and Experiment 8 lasted 71 
days 

occasionally, it might be asciibed to technical error Howetei, it occurs 
frequently m patients with gastric cancer and rarely m patients with other 
disorders It is apparent that these fluctuations are due to changes in the 
solubihty in sodium sulfate of the plasma protems of these patients 
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DISCUSSION 

Although the electrophoietic technique is capable of distinguishing a 
laiger number of plasma pi otein components than does sodium sulfate frac- 
tionation, it does not give absolute values Thiee types ot errois must be 
considered First is the fact that the piopoition of albumin obtained on 
analysis of a given plasma can \aiv bj' seveial pei cent, depending on the 
latio of buffei to protein concentration m the solution The theoietical 
basis foi this effect has been discussed by Longsnoith (9) The buffer 
salt to piotem latio has been kept constant in these expeiiments, in ordei 
to make the erioi fiom tins cause as consistent as possible 
A second type of eiioi aiises fiom the assumption that eier}’^ protein 
component in the plasma has the same lefi active index inclement and a 
nitrogen factoi of 6 25 Aimstiong, Budka, and h'lornson (10) have col- 
lected then electiophoietic analyses on the basis of the lefi active uidex 
mciements and nitiogen contents of the xmiious piotem fi actions isolated 
from human plasma These collections amount to only 2 per cent, and 
should be faiih unifoim thioughout this senes of experiments 
The thud souice of eiioi m the electiophoietic cxalues arises fiom that 
portion of the lefi active index increments which is caused b}’’ the hpides 
bound to the canons globulin components Some of the puiified a- and 
/3-globuhns piepared by ethanol tiactionation of noimal human plasma con- 
tain laige amounts of cholesteiol and othei hpides (10) It mac be seen 
fiom Fig 2, howevei , that changes m the total amounts of a-globuhn (phis 
bound lipide) m these patients dunng the couise of hc’^drolysate therapy are 
small Changes m the /3-globulm are of the same magnitude ® If all of 
these changes weie due to lipide alone, the error mcmlved could not account 
foi the inconsistencies between the S P x allies and the albumin found in 
these expeiiments 

A summaij of the compaiatne data on deteiminations of albumin by the 
Hoeve and electrophoietic methods found m the liteiature is given in Table 
II When electiophoietic anahses weie made at pH 7 4 oi 7 8, the values 
given foi “albumin” have been assumed to lepresent albumin plus arglo^’*' 
Im In noimal hum m subjects and m many disc ises, the S P v allies agree 
moie closely with the albumin plus a-globulm than they do wath the al- 
bumin alone Both Gutman and cowoikeis (12) and Dole (18) have ana- 
Ijzed the S P fi action electiophoietically and found «-globulin to be 
present, and similai lesults have been obtained in the inv^estigation herein 
leported 

In patients with cnrhosis (15) oi nephrosis (12, 16), the a-globuhns arc 
much less soluble TlTien dogs ai e depleted of pi otein by low^ protein diets 

2 Petermann, M L , and Hogness, K E , unpublished w ork 
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and plasmapheresis, the a-globulms become less soluble in sodium sulfate 
(8, 17), n hen large amounts of liver are fed, the a-globuhns become soluble 


Table II 

A Comparison of JToiic “Albumin" Values with Electrophoretic Analyses 






Ejcess protein in hltrate 

Authors 

Buffer 

pH 

Subjects 

Over clectropbo 
retie albumin 

Over electrophoretic 
albumin + « 
globulins 





#ff cent 

prr 

Taylor and 

Phosphate 

7 8 

8 normal 


Average —18 

KejB (11) 
Gutman el 

Phosphate- 

7 4 

1 


5 

al (12) 

chloride 


1 lymphogranu- 




or vero 


loma venereum 


0 


nal 

7 8 

myeloma 


-10 to +19 

Luetscher 

Phosphate 

7 8 

Normal average 


-7 5 

(13) 



Nephrotic 


0, -15, -23 




Terminal neph- 


+5, -2 




ritis 

Amyloid disease 


-1 




Acute rheumatic 


-3 




fever 

Cirrhosis 


-1 

Pillemer and 

Veronal 

8 6 

3 normal 

Average +7 


Hutchm- 
Bon (14) 



7 patients 

“ -M3 


Thorn et al 

n 

8 6 

Cirrhosis 

-2 to +3 

-10 to -25 

(15) 

Thorn el al 

it 

8 6 

Nephrosis 

+6 to +19 

-4 to -28 

(16) 

Chow (8) 

it 

8 6 

Normal dogs 

Average +16 

Average —25 




Protein -depleted 

“ +19 

" -13 




dogs 



Zeldis et al 

a 

8 5 

Normal dogs 

“ +21 

“ -8 

(17) 



Protein depleted 

+27 

“ -18 




dogs 



Dole (18) 

n 

8 6 

Normals and pa- 

A G ratio by 




tients 

electropho- 
resis = 2/3 

A G ratio 
by Howe 
method 





again (17) (see Table II) Recently, Dubach and Hill (19) have shorni 
that, iihen rabbits are given large amounts of cholesterol, their plasma pro- 
teins become less soluble in sodium sulfate The changes in solubiht}' 
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follow the nse in blood cholesterol by several w eeks, and the authors be- 
lieve that some slow' metabohc change is responsible 
Patients with gastnc cancer frequently have unpaiied li\er function (20) 
and fatty hvers (21) The possibihty exists, therefore, that m nephrosis 
or m disorders with unpaired liver function, such as cirrhosis and some 
cases of gastnc cancer, the a-globulins contam enough extra cholesterol or 
other hpide to mahe them less soluble in sodium sulfate 
When a high intake of protein can be proiided for a sufficient tune before 
operation to patients ivith gastric cancel and impaired fatty hvers, the 
amount of hepatic fat found on Inei biopsy is greatly leduced (21) The 
same effect has been found m patients wath gall-bladder disease (22) The 
lipotropic effect of a high intake of piotein or protein hydrolysate may be 
accompamed by a decrease in the amount of hpide bound to the a-globulins, 
so that their normal solubihty in sodium sulfate is restored The S P 
value may, therefore, increase, even though the alburmn remains constant 
or decreases 


SUMMARY 

1 The fraction of human plasma soluble in sodium sulfate (the “albu- 
mm” deteinnned by How'e’s method) usually includes the ai- and au-gloh- 
uhns as w ell as the alburmn 

2 When a decrease m albumin is accompanied by an increase in the «- 
globuhns, the total amount of protem soluble in sodium sulfate may remam 
at a constant level Changes of chmcal sigmficance may thus escape detec- 
tion by this method 

3 In some patients, therapj' wnth protein hydrolysate may cause marked 
alterations in the sodium sulfate-soluble piotein fi action bince these 
changes often show no correlation wnth shifts in the electrophoretic albumin, 
it IS suggested that they are due to alterations in the solubihty of the a- and 
/3-globuhns in sodium sulfate w'hich are mediated by a lipotropic effect on 
the hver 

4 It is concluded that the detemimation of the piotein soluble in sodium 
sulfate by the How'e method may be an unrehable index of the electio- 
phoietic albumin fi action, particularly in patients w'ho are lecemng a high 
intake of protein oi pi oteiii hydrolvsate 

These studies were made possible through the cooperation of Dr G T 
Pack and Di G McNeer and the staff of the Gastric Semce, and of 
Dr L P Graver and the staff of the Medical Sennce of Memonal Hos- 
pital for the Treatment of Cancer and Alhed Diseases Some of the ex- 
penses of tins investigation w'ere defrayed bj a giant from the James 
Poundation of New York, Inc 
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STUDIES ON ADENOSINETRIPHOSPHATASE IN MUSCLE 
I CONCENTRATION OF THE ENZYME ON MYOSIN* 
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iPTom ihe Deparlmeni of Physiological Chemislry, School of Medicine, 
University of Pennsylvania, Philadelphia) 

(Received for publication, Apnl 9, 1947) 

Any modern theorj’^ of muscular contraction connectmg chemical and 
mechanical events in the functionmg muscle will, if it mcludes the recent 
work of Engelhardt, Dainty, and Szent-Gyorgyi, give considerable im- 
portance to the identity or close association of the enzjmie adenosme- 
tnphosphatase' and the muscle protem myosm 
In the announcement of the discovery that the ATPase activity m- 
vanably accompanies the myosin fraction of muscle protem, Engelhardt 
and Lyubimova (2) were careful to state that, although they found ATP- 
ase and myosin to be mdistmgmshable with regard to such properties as 
solubility, thermolabihty, and sensitivity to acids, the available evidence 
vas insufficient to determine the identity or non-identity of the enzyme 
and protein Subsequent investigators, confirmmg and amplifying the 
Russian authors, gave added credence to the imphcation that the myosm 
fraction as a whole was identical with the enzyme, although in the neg- 
ative sense, m that they could effect no separation 
This many sided problem has been ably reviev ed recently by Engelhardt 
(3), stressmg the evidence for the identity of myosm and ATPase Theie 
are, however, several aspects of the problem winch prompted reinvesti- 
gation Other phosphorylatmg and dephosphorylating enzymes show in 
pure form a turnover number, t e (mole of substrate metabolized per 
minute)/(mole or equivalent of enzyme), at 38° of 10'* to 10® If the total 
myosin represents the ATPase, its maximal turnover numbei would be 
about 3 X 10^ This would be even less when actual conditions m the 
livmg muscle (pH, ions) are taken into account The other known and 
partly punfied analogue, the apyrase of potatoes, has a turnover number 

* The data m this paper are taken from the thesis to be presented by B David Fobs 
to the Faculty of the Graduate School of the University of Pennsylvama in partial 
fulfilment of the requirements for the degree of Doctor of Philosophy, n hen all other 
requirements have been fulfilled A prehmibary note has appeared (1) We are in- 
debted to the Dazian Foundation for Medical Research and the Penrose Fund of the 
Amencan Philosophical Society for grants in support of this work 

^ The following abbreviations are used ATP, adenosine tnphosphate, ADP, ade- 
nosine diphosphate, ATPase, adenosinetriphosphatase, apyrase, adenylpyrophos- 
phatase, splitting both labile P groups 
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of at least 4 X 10® at 30° (Kalckai (4)) The physical state of myosin, 
double icfraction of floii , viscosity, etc , may be imried considerably with- 
out change in enzymatic activity, and may, on the othei hand, remam 
constant 1111116 the enzjnuatic activity may be increased, decree sed, or 
completelv abohshed (Smghei and Meister (5)) Similar lack of cor- 
1 elation is encountered wuth respect to titratable SH groups (Needham (6)) 
lhat the enzyme may be only adsorbed on the myosm is further em- 
phasized by Kalckai ’s (4) discoveiy that potato apjTase ivas easily adsorbed 
on myosin and that aftei adsorption it could not be lemoved Finallv the 
splitting of ATP by the vateiy evtiact of muscle cannot be ignored The 
presence of ATPase in the watery extract of muscle was first demonstrated 
by Lohmann (7) Lyubimo\ a and Engelhardt (8) and also Needham (6) 
ha\ e shown that the sphttmg occurred w'lth simultaneous phosphorylation 
of cieatine "Wliatever this mechanism may be, it can haidly be assumed 
that the enzyme ii as dissoh ed myosin 

The recent work of Szent-Gjorgyi’s laboratory (9), showing that crystal- 
lized myosm is still enzynnaticallj' active and retains the same actnity 
after repeated crystalhzations, caimot be quoted as counter-evidence, be- 
cause in piotein chemistry ciystalhzation does not prove chemical uni- 
fornuty of the ciystals (Meyeihof and Beck (10)) 

Our efforts to lesolve the situation weie begun in the summer of 1944 
Tlie procedure dei eloped was bnefly descnbed in 1946 (11) On this oc- 
casion Pnce and Con announced a different method of separation We 
weie unable to obtain a highly active ATPase free of calcium activation 
and transphosphorylation by^ following their piocedure Since then Con 
(12) has modified the conclusions drawn fiom their experiments 


Methods and Units 

Follow'ing the proposals of Bailey (13), we calculated the activity as Qp 
equal to the volume of a h^Tiothetical gas (m microhters) equivalent to the 
amount of P (m miciograms) hbeiated by 1 mg of mjmsm in 1 hour The 
time of incubation was 5 minutes The myosin protein was determined 
by the micio-Kjeldahl procedure oi, especially foi prehminaiy tests, by the 
biuret reaction according to Robinson and Hogden (14) or Kingsley (15) 
The activity w as measured wuth optimal calcium concentration of 1 5 
X 10~® M at optimal pH 9 0 and with at least 4 times as much ATP as was 
decomposed dunng the 5 minutes to insure that the reaction ATP-ADF 
w as not inhibited by an accumulation of the end-product 
f Mymsm was prepaied from rabbit muscle The rabbit was anesthetize 
with nembutal (10 ml of saturated nembutal mtiapentoneally), bled from 
the throat, and the cooled muscle excised, ground twice through a coole 
meat gnnder, and then worked up for myosm according to the piocedure 
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of eithei lidsall (16) oi Szent-Gyorgyi (9) Double distilled uater was vised 
for all extractions 

' ATP n as prepared from rabbit muscle according to Kerr (17) mth some 
modifications The alkali treatment and removal of iron bj’^ HjS was 
omitted, but all traces of the metal as nell as barium were removed from 
the purified barium salt by an ion exchange reaction on Amberlite resin ^ 
For this purpose as much of the barium salt as is necessarj’ for several 
senes of experunents was dissolved in the minimum amount of 0 1 N HCl 
and -washed through a tube filled uath Amberlite IR-100 in the proportion 
of 2 to 3 gm of the drv lesm per 100 mg of the mono banum salt of ATP 
used The resin was washed wath double distilled watei and the eluate 
adjusted to the desired pH and diluted to the required volume Before 
use the resin must be activated with 4 pel cent Na 2 C 03 and then washed 
free of excess alkali with distilled watei It is then air-dned and stored 

If such a punfied ATP is used, the activating effect of glutathione, as 
descnbed b}' 7iff (38), vanishes It has been our expenence that gluta- 
thione inhibits the enzyme shghtlj in concentrations higher than 5 X 10“’ 
M On the other hand the activation by KCN, as descnbed by Binkley 
ct al (19), still persists 

In a similar manner the advantage of glj’-cine as a buffer also disappears 
with the use of ATP punfied b 3 ’^ adsorption on the resm Thus, while 
NajCOs-NaHCOs buffei is not suitable, probablj because of piecipitation 
of calcium, othei buffei s, like borate, veional, and gl.vcine, at optimal 
concentiation of calcium (1 5 X 10 “’m) and optimal pH 9 0 -yield the same 
activity It appears, then, that the lugher activity with gtycine found 
by some authors (Bailey (13)) was due pnmarly to binding in complex 
form of toxic traces of metal by the glycine Claik’s (20) 0 2 m borate 
buffer mixture vv as used throughout this work 

Final determination of protein was made by the mieio-Kjeldahl proce- 
dure w'lth a Pregl apparatus havung a silvei condenser The distilled 
ammonia w^as determined by nesslenzation Companson with standards 
w as accomphshed -with an Evelyn photoelectnc colonmeter equipped wuth a 
filter with maximal transmission at 420 m;i The use of alcohol as a protein 
precipitant, as recommended by Szent-Gyorgyi, gave such large inciease^ 
m Qp of the eluted enzjune compared to the Qp values obtained when 
trichloroacetic acid was used as a precipitant that thev^ weie considered 
to be the result of incomplete precipitation 

Absolute Activity of Myosin Preparations — With the same technique. 
It is a general experience that the activity of myosm preparations is variable 
vvithin wide limits Some authors report figuies which when calculated 

“ Amberlite lR-100 is obtainable from The Resinous Products and Chemical Com- 
pany, Washington Square, Philadelphia 
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according to Bailey (13) ould give Qp values as low as 100 to 200 with 
reprecipitated myosin Tliree factors aie responsible for these vanations 
Impunties m ATP, especially heai^j’" metals like mercury and coppei, give 
a very strong inhibition Second, the age of the myosm preparation 
when kept at temperatures around 5° has some mfluence The activity 
may decrease appreciably m the first few days, later more slowly The 
third factor, not previously mentioned, is the length of tune during which 
the myosm is kept precipitated m distilled water in the procedure of Edsall 
(16) The longer the myosm piecipitate remams in contact mth the 
distilled water, the more it loses its en2ymatic activity After this ob- 
servation was made, we centrifuged the myosm immediately after dilution 
and adjustment of the pH to 6 8 The precipitate was washed wnth -water 
and then redissolved in 0 5 M KCl-0 03 m NaHCOj solution With these 
precautions a twice reprecipitated myosm generally had an activity of 
about Qp 2000, similar to that reported by EngeUiardt and Lyubimova 
(21) Although longer activities occurrmg between 1000 and 2000 are 
easily obtained, we liaie found unfractionated myosm wnth Qp values 
highei than 3000 m only very few instances One can gather from the 
papers of Bailey (13), Szent-Gyoigyi (9), and Engelhard! (3) that values 
lugher than 3000 were also quite exceptional m them work with myosm 
fiom rabbits The Qp values should be obtamed -with a turnover of 15 to 
60 7 of 7 mmute P m 5 mmutes and m the presence of about 200 7 of 7 
mmute P m ATP With much higher or lower concentrations of total 
ATP and -with the sphttmg of less ATP, Qp values may differ somew'hat 

A maximal activity of Qp from 2000 to 3000 m unfractionated myosm 
IS m agreement wnth the total activity encountered m diluted ahquots of 
the total muscle mmce m KCl at the same pH and calcium concentration, 
assummg that about half of this protem is myosm Such an extract gave 
actmties of 1000 to 1200 By addition of 0 01 m KCN the activities -n ere 
increased about 20 per cent 

Varied fractionation procedures wmre attempted by several authors 
Experiments such as variation of KCl concentrations between 0 and 0 5m 
or partial denaturation -with urea or guanidme, etc , m all cases showed the 
myosm activity to change m proportion to the undenatured protem which 
remamed dissolved m KCl solution We can add to these findings that 
if the -viscosity of myosm wms lowered by some vibration® the activity 
dropped m a similar way 

Qp Values Obtained until Adsorption on and Elution from Lanthanum 
g(jll — Owmg to the mtunate connection which apparently exists between 
the enzyme and the undenatured myosm, drastic treatment of the myosm 

»The oscillator of the Johnson Foundation of Medical Physics, University of 
Pennsylvama, -was used for these experiments 
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does not effect a separation Guided by this pnnciple, we tried different 
kinds of adsoibents, a method introduced by the school of Willstatter, for 
partial purification of unstable enzymes By trial and eiror it was found 
tint part of the protein was precipitated on the basic lanthanum salt (ace- 
tate or nitrate) at pH 8 0 Elution of the enzyme by means of a KCl 
solution contammg KCN and ATP produced fractions which exhibited 
quite diffeient enzymatic activities, although they all con tamed myosm 
Generally speakmg, the fractions rich m enzyme were more soluble than 
the inert fractions In those cases, therefoie, w'hen the concentration of 
lanthanum w as made to 0 003 m in a 0 2 per cent solution of myosm m 0 5 
Ai KCl and 0 03 m NaHCOj, the residual supernatant show'ed an mcreased 
activity By raising the lanthanum concentration to 0 004 ji the protein 
w as almost completely precipitated Elution of the adsorbed protem with 
KCl-NaHCOj solution contammg ATP andKCN yielded fi actions showing 
a 2- to 4-fold mciease in activity The highest absolute activities were 
obtained when the original myosin itself had an unusually high Qp, t e 
4000 In tius case values from 10,000 to 15,000 could be obtamed 

Procedure 

At temperatuies not higher than 5°, a highly active fraction of myosin 
was diluted to a concentration of 0 2 per cent with 0 5 m KCl-0 03 M Na- 
HCOa A 0 1 M lanthanum acetate solution w^as added dropwise to a 
solution of myosm, with thorough though gentle stimng, until a final 
concentration of 0 003 m w'as reached Nearly all the protem was m the 
precipitate that could be centrifuged dowm The supernatant solution 
now had a low concentration of enzyme with activity higher than the on- 
gmal The precipitate was w'ashed by suspension m KCl-NaHCOj solu- 
tion After centrifugation, the precipitate w'as made into a paste with a 
solution of ATP of such concentration that upon dilution with one-half 
of the ongmal volume of KCl-NaHCOs the final concentration of ATP 
would be 0 001 M KCN was added to a final concentration of 0 01 m 
T he suspension was thoroughly stirred and centnfuged The supernatant 
fluid now^ contained an enzyme with a 2- to 4-fold mciease m activity 
Repeated elution of the lanthanum precipitate gave enzyme solutions of 
progressively low'ered activity, so that by the third elution the activity 
of the original myosin was reattamed (Experiment 10-3, Table I) 

Further purification of the eluted enzyme by repetition of the lanthanum 
precipitation procedure was unfortunately compheated by the toxic action 
of lanthanum for ATPase Not only was there a direct mhibition of the 
enzyme when lanthanum was added to the mcubation muxture, but the 
eluate on standing, even at low' temperatures, rapidly lost its activity 
and in 24 hours it became negligible Attempts to remov'e the lanthanum 
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by chelation ivith organic leagents or by combination nith heavy metai 
precipitants such as algin* ga\e only limited success Although it was 
possible many times to obtain an increase in activity 2 to 3 times higher 
than in the lanthanum eluate alone, the addition of the reagent made the 
eluate unfit for further purification by a repetition of the lanthanum pie- 
cipitation (Experiment 1-17, Table I) The mhibiting action of the lan- 
thanum present in the fiist eluate was counteracted to some extent by the 
ATP and KCN added In no expeiiment iias the mhibiting action of 
lanthanum abolished more than by dilution with boiate buffei (Expenment 
11-21, Table I) 

Elution of the enzyme from the lanthanum precipitate could be ac- 
complished Muth KCl plus KCN The enzjune in this instance v as usuallv 
verj’- dilute, although the actnity iias mci eased The use of ATP re- 
leased more enzyme from the lanthanum precipitate (Experiments 9-24, 
-27, Table I) This probably was accomphshed by interaction of the 
ATP and lanthanum to form insoluble lanthanum ATP inth lelease of the 
enzyme The concentration of ATP in the eluting solution vas quite 
critical With the use of an excess of ATP it became possible to bnng the 
onginal mjmsm back into solution In geneial it was quite diffitiilt to 
obtain enzyme activities wuth a Qp over 10,000 ITsuall}’’ the eluted e izjuie 
prepared from Edsall or Szent-Gyorgju mosm had activities of Qf 
to 6000 

Smce ATP itseK has such maiked action on myosin, i c inciesse in solu- 
bility, etc , the question arose as to the necessity for piecipitation with 
lanthanum to effect a type of sepaiation of the enzyme fiom myosin 
Would ATP and KCN alone bring about any kind of increase m actmtj'? 
In Table I, Expenment 11-21, the actmtj'' of the reprecipitated myosin is 
reported as Qp 1300 The addition of KCN and ATP to this preparation 
raised the activity to Qp 1470 How'evei, aftei dilution with 0 2 m borate 
buffer and centiifugation, the activity incieased to Qp 5000 AVhen this 
myosin with added ATP wms subjected to precipitation with lanthanum 
and subsequent elution, an enzyme with activitj Qp 14,000 w as obtained 
One might assume that in the presence of ATP the change m salt concen- 
tration bj’ dilution with buffer did effect a type of fractionation If this 
were so, then one might consider the increase in activity by lanthanum 
precipitation as 14-fold Bailey (13), however, repoited an actiiity of 
Qp 5000 to 6000 for myosm preparations with no fractionation procedure 
other than leprecipitation from KCl solution On the assumption that 
our extraction procedures were equn ilcnt, at least with respect to ATPase 

* Sodium alginate is the purified carbohj drate product extracted from the giant 
brown seaw eeds by the use of dilute alkali We are indebted to Dr A J Pacini of f e 
Algin Corporation of America for generous samples 
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Eiperi I 
mcnt ) 
No 


Treatment 


*)-27 Edstill m>osin 

Lanthanum Ppt I 


9 24 Edsall mj osin 

Lanthanum Ppt 1 


11-7 Myosin 

Lanthanum Ppt 1 
11 11 2 

11-21 Myosin 


Supernatant from lan- 
thanum ppt 

U *t 


Lanthanum ppt 


12-3 § Mjosin 
Ppt 1 
Myosin 


12-5 Myosin (12 3) 

“ and ATP 
Supernatant from lan- 
thanum ppt 


ATP added, centrifuged 
Eluted mthKCl.KCNt 
“ “ KCl.KCN, 

\TP 

ATP added , centrifuged 
Eluted inth KCl, KCN 
to 0 02 M 

Eluted mth KCl, KCN 
to 0 01 M 

Eluted with KCl, KCN 
to 0 005 M 
None 

Eluted mth KCl, KCN 

(I (( (< H 

ATP 

Stock diluted 2 5 with 
buffer 

KCN added to 0 01 m, 
ATP to 0 001 M I 
Above diluted 1 4 with 
borate buffer 
None 

Diluted 1 5 mth borate 
buffer 

Eluted with KCl, KCN, 
ATP, diluted mth 
borate buffer 
Diluted 1 5 w ith borate 
buffer 

ElutedwithKCl,KCN, 

ATP 

KCN added, diluted 1 5 
w ith buffer 

Eluted with KCl, KCN, 
ATP 

ATP added, centrifuged 
Diluted 1 5 w Ith buffer 
None 

Diluted 1 5 with buffer 


Elution diluted 1 5 w ith 
buffer 


P split 

in 5 Protemt Op 

mm 

1 1 

33 ' 166*- 1,720 

14 29 6*' 4, 100 

17 29 e'' 4,970 

49 240‘ 1,700 

25 231- 9,400 

14 13'’ 9,500 

14 7 S'* 15,200 

22 101 2,100 

19 62 2,600 

19 43 3,800 

53 350 1,300 

68 400 1,470 

53 100 5,000 

35 146 2,000 

18 27 5 350 

39 24 14,100 


25 90 2,400 

22 42 4,600 

16 60 2,300 

12 29 3,540 

70 600'’ 1,264 

42 120'’ 2,270 

72 284 2,200 

27 47 4,950 

16 28 5,000 
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Table I — Concluded 


Eipen 

ment 

No 

Fraction 

Treatment ^ 

P spbt 
la 5 
mxn 

Protemt 

Qp 




Y 

T 


1-17 

Crystallme myosm 

Diluted 1 10 m borate 
buffer 

16 

50 

2,780 


Ppt 1 

Eluate diluted 1 5 with 
buffer 

8 

29 

2,400 


“ 2 

Eluate diluted 1 5 with 
buffer and algm 

22 

20 

9,000 

10-1 

CrystaUine myosin 

None 

67 

198 

2,600 


Supernatant from lan- 
thanum ppt 


14 

24 

5,050 


Ppt 1 

Eluted from lanthanum 
ppt with KCl, KCN, 
ATP 

22 

33 

5,770 

10-3 

Twice recrystallized 
myosm 

None 

33 8 

151 

1,950 

i 


Ppt 1 

Eluted with KCl, KCN, 
ATP 

20 

29 

5,980 


“ 1 

Second elution with 

KCl, KCN, ATP 

33 8 

77 

2,780 


“ 1 

Third elution with KCl, 
KCN, ATP 

22 8 

98 

2,020 


* Activities ivere measured with 0 5 ml of borate buffer, 0 5 ml of 0 02 n CaClj* 
0 2 ml of 0 01 M KCN, and 0 3 ml of ATP (100 mg of the mono barium salt per 10 
ml ) After miiang, the tubes were brought to 37° and 0 2 ml of enzyme was added 
The reaction was stopped after 5 minutes by the addition of 1 ml of 10 per cent 
tnchloroacetic acid The protem precipitate was centrifuged down and POr was 
determined on 1 ml of the clear supernatant by the method of Fiske and Subbarow 
( 22 ) 

t All protein determmations were done by the micro-Kjeldahl procedure except 
those with superscnpt b in nhich the biuret method was employed 

J Unless otherwise stated, KCN is added to a final concentration of 0 01 ii 
§ No activity m the supernatant of either myosm after lanthanum precipitation 

actmty, the increase in activity from 1400 to 5000 v as considered as the 
maximal activation of the unfractionated myosm protem The 2S-fold 
mcrease after lanthanum precipitation was then taken as an indication of a 
separation of the en 2 yme from the mimsm 

The use of KCN alone or ATP alone did not increase the actn ity of the 
ongmal myosm after dilution vnth buffei as did the use of both reagents 
m combmation However, fractionation by lanthaniun precipitation still 
gave a 2 2-fold mcrease (Experiments 12-3, 12-5, Table I) It is of 
terest to note that with the addition of ATP to the mj^osm there vas an 
mcrease m activity m the supernatant solution after precipitation wit 
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Innthanum In Experiment 12-3 (Table I) the supernatant alone had no 
activit}’’, u hile the supernatant of the same myosin (E'^eninent 12-5) with 
ATP gave a doubled increase o\ er the origmal This would seemingly m- 
dicate that the enzyme combines wath ATP, formmg a complex that has less 
affinity for lanthanum than myosm This enzyme-ATP combmation is 
piobably the most promismg pomt of attack for ultimate complete 
separation of ATPase from myosm 

From the most conservative view-pomt, there Mas defimtely a 2- or 
3-fold increase in enzjnne activity over the highest value obtained with the 
myosin prepared according to the procedure of either Edsall or Szent- 
Gyorgyi As a result w e beheve these experiments constitute evidence of 
the non-identit}’- of the protein system called myosm and the enzyme 
adenosinetnphosphatase 

InJnbtiton and Achvahon — Studies conducted on the natme of the m- 
hibiting mechanism for ATPase showed that fluonde mhibited only m 
that it decreased the concentration of ionized calcium b3’- formation of 
CaFj Such a conclusion was apparently reached by Engelhardt (3) If 
manganese was used as the activating metal, no mhibition was observed 
wath F~ concentration up to 10"^ N The maximal activation effect with 
manganese w'as, howeier, appreciably smaller than with calcium 

Bairon and Singer (23) found that myosm ATPase was inhibited by 
chloromercuribenzoate (10~^ si) On the othei hand Needham (6) and 
Bailey (13) found no inhibition with lodoacetate Such findings would be 
in accord with the generally accepted theory of SH groups of i aned ac- 
cessibihtj’’ lodoacetate attacks only the more superficially located groups 
which would have nothing to do with enzjinatic activity, while the mercuric 
compounds attack also the less accessible SH groups Lanthanum may be 
considered as occupying an intermediate position While our findmgs are 
m general agreement with the results of the above authors, another ob- 
servation has so far not been mentioned m the hterature , low concentration 
of SH mhibitors, especially the alkylating agents, lodoacetamide, lodoace- 
tate, and lodosobenzoate, and in a lesser degree the oxidizmg mercun com- 
pounds,® activate myosin ATPase from about 30 to 80 per cent ® Tables 
II and III and Fig 1 give a summary of these expenments 

The experiments of Table II w^ere made without previous mcubation 
of myosm with the SH inhibitors Smee the effect on SH groups is a tune 
reaction, another set of expenments was made m which mjosm w’as in- 

‘ We are indebted to Dr Hellerman, The Johns Hopkins Umversitv, Baltimore, 
for a gift of most of these compounds 

® Mr Kielley, Department of Agriculture, University of Minnesota, informs us 
that he has found in unpublished expenments a similar activation with chloromer- 
ouribenzoate on myosm ATPase 
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cubated ^\lth the SH inhibitors for 10 minutes at room temperature pnoi 
to the reaction mth ATP Incubation at 38° was not feasible, since myosin 
ATPase ivithout ATP was rapidly destroyed at that temperature In the 
experiments mth pre\nous incubation the tendenc}'- to mhibition n as much 
increased This was due, m part, to the increased conceutiation of the 


Table II 


Activation and Inhibition of Myosm-ATPasc imih SH Inhibitors (inthout Previous 

Incubation of Enzyme) 


Date 

Mjosin 

prepa 

ration 

Substance added 

1 

1 Concentration 

1 

P split m 

5 min 

Per cent 
change 




a 

7 


Apr 30 

II 



48 




lodoacetamide 

2 X 10-< 

74 

+60 




8 X 10-‘ 

80 

+70 

May 2 




45 




lodoacetaraide 

1 2 X 10-» 

76 

+70 




2 X 10-< 

55 

+20 



lodoacetate 

6 X 10-» 

41 

-10 




6 X 10-< 

45 

0 

« 6 




49 




lodoacetic acid 

1 2 X 10-s 

71 

+45 




2 X 10-< 

67 

+35 




1 2 X 10-‘ 

67 

+35 

» 7 

in 



43 




lodoacetic acid 

1 2 X 10-^ 

63 

+50 




2 5 X 10-V 

57 

+30 




6 X 10-6 

53 

+20 

“ S 




43 




lodosobenzoate 

2 X 10-‘ 

48 

+10 




5 X 10-' 

49 

+15 



Phenjlmercunc hydroxide 

1 2 X 10-5 

0 

-100 




1 2 X 10-5 

60 

+40 

“ 9 




54 




Phenylmercunc hydroxide 

6 X 10-* 

11 

-80 




1 2 X 10-5 

69 

+30 




5 X 10-« 

68 

+30 


inhibitor dunng the tmie of leaction, t e , before the mhibitor concentration 
was lowered b}"- dilution of the enzjone with the testing mixture of ATP 
and buffer The mcreased sensitivity of the enzyme to mhibitors in the 
absence of ATP also contnbuted to the enhanced inhibitory effect Even 
m this case, the same phenomenon of activation in lonest concentrations 
and inhibition m higher concentrations was observed 

The actuating as w^ell as the inhibiting influence was antagonized by 



Table III 


SH Inhtbihon Experiments {with Previous Incubation) 


Date 

^lyosm ' 

prcpa 

ration 

Substance added 

Concentration 
during previous 
incubation 

Concentration 

during 

experunent 

Tune 
of pre 

VIOUS 1 

incu 

bation 

(room 

temper 

ature) 

P split 
in 5 
min 

Per cent 
change 




if 

u 

mtn 

7 


Apr 29 

II 





47 




lodoacetate 

1 X 10-* 

2 5 X 10-3 

10 

57 

+20 




2 5 X 10-3 

6 X 10-3 

10 

43 

-10 



lodoacetanude 

8 X 10-* 

2 X 10-3 

10 

85 

+80 




3 3 X 10-3 

8 X 10-3 

10 

86 

+80 

May 6 

III 





31 




lodoacetamide 

5 X 10-3 

1 2 X 10-3 

10 

0 

-100 




2 6 X 10-3 

6 X 10-3 

10 

3 

-90 




8 X 10-3 

2 X 10-3 

10 

14 

-55 




2 5 X 10-3 

6 X 10-3 

10 

22 

-30 




1 X 10-3 

2 5 X 10-3 

10 

50 

+60 



Pig 1 The effect of SH inhibitors on the splitting of ATP by myosin ATPase 


Table IV 


Effect of Glutathione on SH Inhibition 


Date 

Added ’ 

jodoacetamide ^ 

Added 

glutathione 

Preluninary , 
incubation 

P split in 

5 min 

Per cent 
change 


u 

if 

m\n 

7 


May 10 




40 




6 X ir* 


25 



12 X 10-3 



62 

+55 


12 X 10-3 

6 X 10-3 


31 

+25 


12 X 10-3 


10 

23 

-42 

1 

12 X 10-* 

1 

6 X 10-3 

10 

41 

+60 
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glutathione (Table IV) This was very obvious with lodoacetamide The 
chemical mteraction of lodoacetamide with glutathione was very slow and 
mcomplete m the absence of the enzyme It seems, therefore, that the 
protection of the ongmal activity of the enzyme by glutathione cannot 
be explamed by a chemical reaction between glutathione and the inhibitor 
substance, but rather by a counteraction of glutathione m reestabhshmg the 
SH groups of the enzyme after they are alkylated (or oxidized) by the 
inhibitor 

It IS a pleasure to acknowledge the techmcal assistance of Mrs Mildred 
Miller 


SUMMARY 

1 Evidence is presented for the non-identity of the protem system of 
myosm and the enzyme adenosmetnphosphatase Primarily this is based 
on the abihty to effect an mcrease m enz 3 miatic activity of myosm solutions 
by a mild fractionation procedure Precipitation of myosm with a basic 
lanthanum salt and elution with a solution of KCl cont ainin g KCN and 
ATP yield fractions with a 3-fold 'mcrease m activity over th# ongmal 
myosin These activities are at least double the highest reported m the 
hterature for a punfied or crystalhzed myosm 

2 Experiments on the nature of inhibitmg mecha nisms for ATPase are 
in general agreement with those reported m the hterature, with the ad- 
dition that low concentrations of SH mhibitors activate myosin ATPase 
about 30 to 80 per cent Glutathione was found to counteract both the 
activatmg and mhibiting effect 

BIBLIOGRAPHY 

1 Polls, B D , and Meyerhof, 0 , J Btol Chem , 163, 339 (1946) 

2 Engelhardt, W A , and Lyubimova, M N , Nature, 144, 668 (1939) 

3 Engelhardt, W A , in Nord, F F , Advances in enzymology and related subjects, 

New York, 6, 147 (1946) 

4 Kalckar, H M , J" Biol Chem , 163, 355 (1944) 

5 Singher, H 0 , and Meister, A , J Biol Chem , 169, 491 (1945) 

6 Needham, D M , Btochem J 38, 113 (1942) 

7 Lohmann, K , Biochem Z , 271, 264 (1934) 

8 Lyubimova, M N , and Engelhardt, W A , Biohhmxya, 4, 716 (1939) 

9 Szent-Gyorgyi, A , Ada physiol Scand , 9, suppl 25 (1945) 

10 Meyerhof, O , and Beck, L V , J" Btol Chem , 166, 109 (1944) 

11 Meyerhof, O , Ann Neve York Acad Sc , in press (1946) 

12 Con, OF,/ Biol Chem , 166, 395 (1946) 

13 Bailey, K , Btochem J , 36, 121 (1942) 

14 Kobinson, H W , and Hogden, G G ,J Btol Chem , 136, 707 (1940) 

15 Kingsley, G R,/ Btol CAem , 131, 197 (1939) 

16 Edsall, J T , J Btol Chem , 89, 289 (1930) Greenstein, J P , and Edsall, J J- 

J Btol Chem . 133. 397 (1940) 



B D POBIS AND O MEYERHOF 


401 


17 Kerr, S E , / Biol Chem , 139, 121 (1941) 

13 Ziff, M , J Biol Chcm , 163, 25 (1944) 

19 Binkley, F , Ward, S M , and Hoagland, CL,/ Btol Chem , 165, 681 (1944) 

20 Clark, W M , The determination of hydrogen ions, Baltimore, 3rd edition, 201 

(1928) 

21 Engelhardt, W A , and Lyubimova, M N , Biokhitmya, 7, 205 (1942) 

22 Fiske, C H , and Subbarow, Y , / Btol Chem , 66, 375 (1925) 

23 Barron, E S G , and Singer, T D , / Btol Chem , 167, 221 (1945) 




INTERMEDIATES IN THE BIOLOGICAL OXIDATION 
OF ISOTOPIC ACETOACETATE 
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In previous reports from this laboratory (1, 2) a study has been made of 
the mtermediates of acetate and acetoacetate oxidation in kidney homo- 
genates It was found that m kidney homogenates acetate and aceto- 
acetate are oxidized at about the same rate by way of mtermediates of the 
tncarboxyhc acid cycle (^e a-ketoglutarate, sucemate, and fumarate) 
From the distnbution of C*’ m the carboxyl carbons of a-ketoglutarate, 
formed from carboxyl- and carbonyl-tagged acetoacetate, citrate was ex- 
cluded as an intermediate of acetoacetate oxidation This observation 
has recently been confirmed by Wemhouse, Medes, Floyd, and Noda (3) 
These latter mvestigators (4) have also found that acetoacetate is readilj’’ 
formed from acetate m kidney shoes and homogenates, even though there 
IS no accumulation of ketone bodies m kidney tissue metabohzing acetate 
Medes, Floyd, and Wemhouse (5) have further demonstrated that aceto- 
acetate IS probablynot an intermediate m the oxidative utihzation of acetate 

The question of whether acetate is an intermediate in acetoacetate oxi- 
dation, however, remains (6) In the present commumcation experiments 
are reported in which a comparison is made of the rate of acetate and 
acetoacetate oxidation m extracts of rabbit kidney A study has also been 
made of the metabohsm of isotopic acetoacetate m this extract Both 
t3q5es of expenments, isotopic and non-isotopic, lead to the conclusion that 
acetate is not an intermediate of the oxidative metabolism of acetoacetate 
via the tncarboxyhc acid cycle '■ 

EXPERIMENTAL 

PreparaHon of Kidney Extract — ^Extracts of rabbit kidney were prepared 
by homogemzmg 10 gm of tissue with 10 cc of cold 0 2 m phosphate 
buffer (pH 7 6) or 10 cc of Krebs’ phosphate-sahne (pH 7 4) This homo- 
genate was then centrifuged at 3000 R p m for 15 minutes at 0° m order to 
remove the insoluble material These extracts were cell-free but contained 
some cellular d6bns 

* Present address. Department of Biochemistry, School of Medicine, Western 
Reserve Umversity, Cleveland, Ohio 

' A preliminary report of this work has been published (7) 
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Methods of Analysis of Organic Substrates — Experiments weie usually 
earned out for 40 minutes at 38° m the presence of oxygen gas Citrate, 
acetate, and acetoacetate have been added to these kidney extracts to 
determine the rates of their metabohsm A study has also been made of 
the influence of the dicarboxyhc acids, a-ketoglutanc and succmic acids, 
on acetoacetate disappearance, and m some experiments the formation 
of /9-hydroxybutync acid has also been measured Citrate was determined 
by the method of Pucher et al (8) as modified by Hunter and Leloir (9), 
acetoacetate by the method of Edson (10), and jS-hydroxybutync acid by 
the method of Weichselbaum and Somogyi (11) The method of Fnede- 
mann (12) for the determination of volatile acids has been modified for 
the determmation of small amounts of acetate When small amounts of 
acetate (0 05 ium) were distilled according to the procedure of Enedemann, 
mcomplete recovenes of the acid were usually obtained The quantities 
of the reagents were consequently reduced 20-fold and the distillation 
made from a 25 cc distillmg flask Since imder these conditions high 
blank determmations were often obtamed, p-toluylsulfomc acid was sub- 
stituted for suhunc acid With this reagent the blank of the determmation 
was reduced and known amounts of acetic acid could be recovered quanti- 
tatively This modification of the method has also been successfully used 
for the determmation of small amounts of acetate m tissue extracts The 
procedure used is as follows 4 cc of extract were mixed with 4 cc of water 
contammg 0 056 mM of acetic acid 0 55 cc of 10 per cent sodium tung- 
state was added and followed by 0 7 cc of 25 per cent p-toluylsulfonic 
acid The solution should be strongly acid The precipitate was centn- 
fuged off and washed with two successive portions of 2 cc of water The 
supernatant and washings were transferred to a small distilhng flask and 
the volume of the solution noted 2 5 gm of magnesium sulfate and a 
pmch of mercuric oxide were added and the solution was carefully heated 
until approximately three-fourths of the volume had been distilled over 
Thereupon the precipitate was washed with 2 cc of water and centrifuged 
The supernatant was transferred to the distilhng flask and 2 cc more dis- 
tilled off This process was repeated at least three times The total 
distillate (about 17 cc ) was then redistilled by the same procedure as 
above The second distillate was aerated briefly mth C02-free air and 
titrated with 0 01 n NaOH When 0 056 roM of acetic acid was added to 
kidney extracts and the distillation earned out as desenbed above, 0 055 
mM was recovered m one experiment and 0 057 mM in another 
Isolation of Organic Acids — ^At the conclusion of the isotopic expemnent 
reported m Table III, acetic and a-ketoglutaric acids were isolated for 
isotopic analysis The meubatmg solution was deprotemized and the 
residual a-ketoglutarate precipitated as the 2 , 4 -dmitrophenylhydrazone 
Acetic acid was then distilled from the supernatant After redistiUation 
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of the acetic acid, the solution was neutralized and then evaporated to a 
small volume It vas then acidified with a small amount of mtric acid, 
silver mtrate was added, and the pH of the solution adjusted to 5 0 with 
careful addition of ammomum hydroxide Silver acetate thereupon crys- 
tallized out and after recrystalhzation was washed with alcohol, dried with 
ether, and placed m a vacuum desiccator over CaCl? 

The a-ketoglutaric acid 2,4-dimtrophenyIhydrazone was oxidized with 
acid permanganate to succimc acid which was extracted with ether m the 
Kutscher-Steudel apparatus The succmic acid solution was acidified 
vath mtnc acid and precipitated as the silver salt after the pH was adjusted 
to 5 0 vath ammomum h 3 '’droxide The silver succinate was then dis- 
solved in a small amount of mtnc acid and reprecipitated by the addition 
of silver mtrate and ammomum hydroxide Sdver acetate and silver 
succinate were analyzed for them concentration m the mass spectrometer 

Results 

Metabolism of Various Substrates by Kidney Extracts Citrate — ^The 
addition of sodium citrate to 1 cc of a phosphate extract of rabbit kidney 
results in the disappearance of citnc acid at a rapid rate (14 0 micromoles 
m 40 rmnutes) This extract then differs from the preparation of Hunter 
and Leloir (9) Thej'' have found that washed tissue particles of kidney 
homogenized m 0 05 m bicarbonate buffer could convert ketone bodies to 
citrate in the presence of oxalacetate but could not further oxidize the 
citnc acid formed 

Acetoacetate — ^Although this extract could metabohze acetoacetate with 
the addition of other accessory substances, the rate could be approximately 
doubled by addmg a-ketoglutarate (Table I) In some instances succinate 
was effective in stimulating acetoacetate metabohsm but the effect of suc- 
cmate could not be consistently reproduced The addition of a-keto- 
glutarate in small amounts does not result m a catalytic increase m aceto- 
acetate oxidation (Table I) 

As may be seen in Table II, formation of /3-hydroxybutync acid accounts 
for approximately 18 per cent of acetoacetate disappearance As may be 
seen from the calculations reported in the discussion of this paper, approxi- 
mately 9 per cent of the disappearing acetoacetate was converted mto 
acetic acid Thus about three-fourths of the acetoacetate metabohsm of 
kidney extracts takes place by reactions which do not mvolve simple re- 
duction to /3-hydroxybutync acid or hydrolytic fission to acetic acid It 
IB presumed that acetoacetate not metabohzed in either of these two ways 
IS oxidized by way of the tncarboxyhc acid cycle By means of isotopic 
acetoacetate it was possible to demonstrate the conversion of acetoacetate 
to a-ketoglutarate in these extracts 

Comparison of Acetate and Acetoacetate Disappearance — ^In Table II 
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IS reported a compansou of the rates of metabohsm of acetate and aceto- 
acetate in rabbit kidney extracts It may be seen that ketone bodies are 
metabohzed at about 3 times the rate that acetate is If these results are 
expressed m terms of xmcromoles of acetate and ketone body carbon, 
approximately 6 times more ketone body carbon than acetate carbon dis- 

Table I 

Effect of a-Ketoglvlarate and Succinate on Acetoacelate Metabohsm in Extracts of 

Rabbit Kidney 

1 cc of phosphate extract (pH 7 6) plus 0 6 ec of additions or a total of 1 6 cc of 
solution containing 12 5 micromoles of acetoacelate, 1 mg of magnesium plus a di- 
carboxjlic acid in the quantity indicated, time of experiment, 60 minutes, oxjgen 
gas 


Eipenment No 

Vessel No 

1 

DtcArboxjlic acid added 

Quantity of 
dicarboi^hc 
acid added | 

Acetoacetate 

disappearance 

1 

1 

a-Ketoglutarate 

mtcTomoUs 

27 

nuromshs 

11 8 

i 

2 

Succinate 

34 

10 0 

2 

1 

None 


39 


2 

a-Ketoglutarate 

2 7 

4 9 


3 

tt 

27 0 

8 9 


Table II 

Comparison of Rate of Oxidation of Acetate and Acetoacetaie by Extracts of Rabbit 

Kidney 

4 cc of phosphate-saline extract (pH 7 4) plus 4 cc of additions or a total of 8 
cc of solution containing 220 rmcromoles of a-ketoglutarate and either 56 micromoles 
of acetate (Vessel 1) or 53 micromoles of acetoacelate (Vessel 2), time of experiment, 
40 minutes, oxygen gas 


Vessel No 

Metabolite measured 1 

1 

Experiment 1 

Experunent 2 



mtcronolej 

tntcrcmclts 

1 

Acetate disappearance 

10 

6 

2 

Acetoacetate disappearance 

30 2 

29 2 


^-Hydroxvbutyrate formation 

5 6 

5 6 


Ketone body disappearance 

21 6 

23 6 


appeared These results then confirm those of earher investigators who 
have shown that acetoacetate may be metabohzed more rapidly than 
acetate by certain preparations of kidney tissue (9, 13, 5) 

Mdaholtsm of Isotopic Acetoacetate — ^Ihe problem whether acetate is an 
intermediate in acetoacetate oxidation has been approached more directly 
by the use of acetoacetate labeled in the carboxyl and carbonyl positions 
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Math C” III Iho o\])onmcnt lopoilal m Table III isotopic acotoacctatc 
BBS incubnicd witJi kidney c\(ract3 along wdli non-isotopic acetate an<l 
«-ketoglutarntc At the conclusion of the exiicrimcnt the latter two com- 
pounds were isolatoil Acetic acid contained Oil atom per cent excess 
and the succinic acid formed by the oxidation of a-kctoglutanc acid 
2,4-dinitrophciiylhydinronc contained 0 27 atom per cent excess C'* 
Thus, the concentialion of C” was about 2 5 times greater in the succinate 
than in the acetate A bcttei analysis of these data, hoivevcr, comes from 
a comparison of the C’’’ concentiation of the caiboxyl carbons of these 
compounds In a picvioiis communication (2) certain conclusions liave 
been drawn concerning the diatiibution of C"* in «-kctoghitaratc formed by 
tissues during the metabolism of isotopic acetoacctate labeled in the 

Taiiii- hi 

jVclnbnhim of Isotofic iceloacclatc in Exlrach of Rabbil Kidney 


12 5 tc of plioflplmlo extract (pll 7 0) plus 12 !> rc of ndditionH or n total of 25 
cc of solution conlaininK 0 18 inM of aecloai elate, tune of oxpenmont, 40 mimiles, 
oxygon gns 


SubiluBcenildcd 

Amount ndded 

Amount 

dPupposrlnB 

C” conctntovtlon 
atoms per cent eicess) 

Substsnee j 

added 

Substance 

Isolated 


t»u j 

mu j 



Acetoaootato control 


0 101 

1 80 


Acotnto 



0 00 

0 11 

a Kotoglutarnlo 

HH 

1 

0 00 

0 27* 


* This value represents tlio C” concentration of succinic acid produced by oxi 
dation ivitli acid pormanganato of tlio isolateda kotoglutnnc acid 2,4 dinitrophcnyl 
liydrnrono 


carboxyl and carbonyl positions It is known that the 4 caibon atoms of 
a-kotoglutarate which yield succinic acid upon acid permanganate oxidation 
contain most of the C” of the a-kctoglutaric acid molecule It is fiirthei 
believed that all of the isotope of tins succinic acid fraction is present m 
1 carboxyl caibon only and that this caiboxyl carbon is derived from the 
7-carboxyl carbon of a-kctoglutanc acid The C" concentration of the 
7-carboxyl carbon of the a-kctoglutanc acid is thus probably 4 times that 
of the 4 carbon atoms of succinic acid or 1 08 atoms per cent excess C'* 
Likewise, acetate produced from isotopic acetoacctate labeled m the 
carboxyl and carbonyl positions should contain C*’ in the carboxyl carbon 
only The C'^ concentration of this carbon atom of acetate isolated at the 
conclusion of the experiment in Table III is then 2X011 or 0 22 atom per 
cent C‘® It IS thus seen that the concentration in the y-curboxyl 
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carbon of a-ketoglutanc acid is 5 tunes greater than that of the carboxyl 
carbon of acetate 


DISCUSSION 

Although it IS recognized that acetate is closely related to an important 
intermediate of both fat and carbohydrate metabolism, it is generally 
beheved that some active form of acetate is the actual intermediate of 
this metabohsm Before we continued further investigations on mter- 
mediates of acetoacetate metabohsm, however, it seemed advisable to 
ascertain the r61e which acetate might play m these reactions Since the 
presence of cell membranes may interfere with the mterpretations of ex- 
penmental data, a crude cell-free extract of kidney was prepared which 
was capable of metabolizmg acetoacetate at a relatively rapid rate This 
extract also metabohzed acetate but at a much slower rate than aceto- 
acetate This difference m the rate of metabohsm of acetate and aceto- 
acetate IS contnbutory but not conclusive evidence that acetate is not an 
mtermediate m the oxidation of the latter It is known, for example, 
that the concentration of substrates may play an important part in the 
rate of their metabolism and it is possible that optimal conditions for 
acetate metabohsm have not been used in these expenments Further- 
more, there is no conclusive evidence that acetate and acetoacetate metab- 
olism m this extract may be accounted for solely by oxidative reactions 
of the tncarboxylic acid cycle 

The expenment with isotopic acetoacetate avoids these possible cnti- 
cisms, however When isotopic acetoacetate is metabohzed by cell-free 
extracts m the presence of large amounts of non-isotopic acetate and 
cK-ketoglutarate, the acetate isolated at the conclusion of the expenment 
should contam a higher C*® concentration than a-ketoglutarate if it is an 
mtermediate of acetoacetate oxidation via the tncarboxyhc acid cycle 
Such, however, was not the case In all probabihty the y-carboxyl of 
a-ketoglutarate contamed a concentration 5 times greater than that of 
the carboxyl carbon of acetate Although acetate is thus not a direct 
mtermediate m acetoacetate oxidation, some may be formed durmg the 
metabohsm of this latter compound Smce, as is shown m separate ex- 
penments (Table II), the concentration of added acetate remams rela- 
tively constant during the expenments with kidney extracts, it is possible 
to calculate the amount of acetoacetate converted to acetate In the iso- 
topic expenment reported m Table III, 0 103 mu of isotopic acetoacetate 
contaimng 3 80 atoms per cent excess C‘® was metabohzed 0 63 mM of 
acetate was present at the beginmng of the expenment and, m view of the 
experiments reported m Table II, it is unlikely that this concentration 
changed matenaUy The concentration of C^® m the acetate at the con- 
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elusion of the experiment was 0 11 atom per cent The quantity of 
acetoacetatc converted to acetate is thus (0 63 X 011)/(2 X 3 80) == 
0 0091 mil of acetoacetate This is equal to 8 8 per cent of the total 
acetoacctate which disappeared dunng the experiment Lehnmger (6), 
who has prenously reported the enzymatic splittmg of acetoacetate to 
acetate by kidney extracts, found that acetate formation accounted for 
'approximately 25 per cent of the acetoacetate disappearance m this prepara- 
tion His expenments were done, however, m the absence of a-keto- 
glutarate, a substance which might possibly divert the metabolism of 
acetoacetate to oxidative channels and thus reduce the amount of acetate 
formed by purely hydrolytic processes 

Thus, if the fission of acetoacetate mto a 2-carbon compound takes 
place durmg the mitial steps of its oxidative reactions, this 2-carbon inter- 
mediate may possibly resemble acetate m chemical constitution but 
probably is not acetate itself The small amount of isotopic acetate 
formed from acetoacetate may result from a side reaction between acetate 
and some active 2-carbon intermediate of acetoacetate oxidation 

We wish to thank Dr Sidney Wemhouse of the Houdry Process Corpora- 
tion and the Department of Physics of the Umversity of Permsylvama for 
the isotopic analyses We wish to thank the Amencan Cancer Society 
for financial assistance 


SUMMAKT 

Extracts of rabbit kidney have been prepared which are capable of 
oxidmng acetoacetate and, to a much less extent, acetate The rate of 
acetoacetate oxidation may be considerably increased by the addition of 
a-ketoglutarate but no catalytic effect of a-ketoglutarate on acetoacetate 
oxidation could be observed Citrate is also readily metabohzed by this 
extract 

When isotopic acetoacetate is incubated aerobically with non-isotopic 
acetate and a-ketoglutarate m rabbit kidney extract, the acetate isolated 
at the conclusion of the experiment contamed much less C‘® than did the 
a-ketoglutarate These data indicate that acetate is not a direct inter- 
mediate m the oxidative utihzation of acetoacetate via the tncarboxylic 
acid cycle 
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(Received for publication, April 19, 1947) 

The recent stud 3 ’- by 'Wemliouse, Medes, and FJoyd (1) of the oxidation 
of carboxyl-labeled fatty acids to acetoacetate bs'’ rat hver slices has 
rendered support to MacKay’s theory of jS oxidation-condensation These 
investigators have found that acetoacetate formed from the oxidation of 
carboxyl-labeled octanoic acid contained isotopic carbon distributed 
equally m the carboxjd and carbonyl carbon atoms The h 3 q)othesis of 
MacKay and his cov orkers (2, 3) that fatty acids are oxidized by successive 
/3 oxidation to 2-carbon fragments wluch condense randomly to form aceto- 
acetate would predict such an equal distnbution of C” between the carboxyl 
and carbonyl carbons of acetoacetate formed from carboxyl octanoate 
Acetoacetate produced from carboxyl-tagged octanoate by a piocess of 
multiple alternate oxidation should theoretically contain isotope only m 
the carboxyl position 

Although the expenments of Wemliouse et al (1) may best be mterpreted 
m terms of the theory of successive /3 oxidation plus condensation of 2- 
carbon fragments, it has also been recogmzed that there aie alternate 
mechamsms of fatty acid oxidation which might possibly explam the 
appearance of in the carbonyl position of acetoacetate formed dunng 
the oxidation of carboxyl isotopic octanoate (4, 5) One such alternate 
hypothesis is that caiboxjd-Iabeled octanoate is oxidized m liver slices by 
the process of multiple alternate oxidation with the formation of equal 
amounts of non-isotopic acetoacetate and acetoacetate labeled in the 
carboxyl carbon only If this latter species should break down rapidlj' 
into 2-earbon fragments iihich recondense, acetoacetate might be formed, 
contaimng C’® equally m the caiboxyl and carbonyl positions Although 
both hypotheses explain the appearance of C“ in both the carboxyl and 
carbonjd position, the leaction by which this distnbution takes place 
would be fundamentally different In the first theory the formation of a 
2-carbon fragment is an integral part of the oxidation process, in the second 
theory the formation of a 2-carbon compound -uould result from a side 
reaction of acetoacetate In order to determine whether acetoacetate 

* Present address. Department of Biocbenastry, School of Medicine, Western Reserve 
Umversity, Clei eland, Ohio 
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can bleak doivn into 2-carbon fragments which recondense, two types of 
isotopic acetoacetate have been synthesized, namely* CH 3 C^®OCH 2 COOH 
and CHsCOCHoC^’OOH, and incubated with rat hver shoes The results 
of these experiments foUow 


EXPERIMENTAL 

Organic Syntheses — ^The two t 5 ’pes of isotopicaU}'' marked acetoacetate 
were prepared accordmg to procedures descnbed by Sakami, Evans, 
and Gunn (6) These procedures consisted of standard organic reactions 
modified for the sjmthesis of isotopic compounds in small quantities 
Acetoacetate labeled m the carbonyl position was made from carboxyl 
isotopic methyl acetate and non-isotopic ethyl bromoacetate (7) 
Carboxyl-labeled acetoacetate was hkewise synthesized from non-isotopic 
methyl acetate and carboxjd isotopic ethyl bromoacetate This latter 
compound was prepared by a modification of the procedure of Auers and 
Bemhardi (8) 

Incubation of Tissues — ^Experiments vnth rat hver shces v ere earned out 
under conditions simdar to those descnbed by Wemhouse, Medes, and 
Flo 3 ’-d (1) Approximatel}’’ 4 gm of rat hver shces were incubated mth 
an isotopic substrate m 40 cc of solution aerobicallj’- for 2 hours At the 
conclusion of the experiment, samples were removed for the determination 
of acetoacetate (9) and, in some expenments, /3-hydioxybut3Tic acid (10) 
The remamder was then dmded into two parts One part was acidified 
with sulfunc acid and the acetone formed from the acetoacetate upon 
heatmg was steam-distilled mto a solution of Demghs’ reagent and precipi- 
tated as the mercury complex The other part of the incubation solution 
was acidified with citric acid and any COi thus hberated was removed by 
aeration of the solution mth COi-fiee air Thereupon anihne citrate 
was added and CO 2 produced by the breakdovm of acetoacetate was col- 
lected m banum hydroxide Isotopic anal 3 ’'sis of this banum carbonate 
for IS then a measure of the concentration of the carboxyl carbon 
of the acetoacetate The concentration of the isolated mercur}*- 
acetone complex when multaphed b3- 3 is equal to the C’® concentration 
of the carbonyl carbon of acetoacetate "Weinhouse et al (1) have demon- 
strated that all of the found in acetoacetate formed from carboxy 
isotopic octanoate is present in the carboxyl and carbonyl carbons and none 
m the remaimng 2 carbon atoms All results are expressed m terms 
of atoms per cent excess 

Results 

Experiments until Isotopic Acetoacetate — Three expenments, one mtb 
carbonyl-labeled acetoacetate and two with carboxyl-labeled acetoaceta , 
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are included m Table I In each e\penment the initial and final amounts 
of acetoacetate present in the reaction vessel were measured and are re- 
corded In E\penment 3, Table I, /3-hydroxybutync acid was also 
measured at the conclusion of the experiment and it was thus possible to 
calculate the quantity of total ketones formed 
Measurement was made of the concentration of the carboxyl and 
carbonyl carbons of acetoacetate at the beginmng and end of each expen- 
ment Within the Imnt of experimental error no evidence could be found 
to indicate that acetoacetate had split into 2-carbon fragments which 
could randomlj’- recondense, forming acetoacetate again In Experiment 1 
with carbonjd-labeled acetoacetate the concentration of m the carboxyl 
carbon (0 00 atom per cent excess) did not sigmficantly change durmg the 


Table I 

Expcrimcnls with Carbonyl- and Carboxyl-Labeled Acetoacetate on Rat Liver Slices 



CarbonyJ 

acetoacetate 

Carbox>I labeled acetoacetate 

Experiment 1 

Experiment 2 

Experiment 3 


tnu 1 

C“ per cent 

mu 

per cent 

mu 

Ct* fer cent 



excess 


excess 


excess 

Acetoacetate (initial) 

0 130 


0 130 


0 084 


Carboxyl carbon 


0 00 


2 07 


2 07 

Carbonyl “ 


1 20 


0 30 


0 39 

Acetoacetato (final) 

0 148 




0 129 


Carboxyl carbon 


0 02 


1 33 


Lost 

Carbonyl “ 


0 78 


0 24 


0 30 

Total ketones 





0 ISO 



experiment The concentration of C** in the caibonyl position decreased 
from 1 20 to 0 78 atoms per cent excess, but this probably is due to dilution 
of isotopic acetoacetate by non-isotopic acetoacetate formed from endoge- 
nous sources of the hver shoe The carboxjd-labeled acetoacetate used 
in Experiments 2 and 3 (Table I) contamed a relatively small amount of 
isotope also in the carbonyl carbon This appearance of isotope m the 
carbonyl carbon results from the self-condensation of isotopic ethyl bromo- 
acetate when conditions for the synthesis of carboxyl-Iabeled acetoacetate 
are not strictly observed The concentration of in the carbonjd carbon 
was only 19 per cent of that in the carboxyl carbon and hence did not mter- 
fere materially with the metabohc expenments If m hver shces there 
had been redistnbution of isotope between the carboxyl and carbonjd 
carbons, the ratio of isotope m these 2 carbon atoms should have decreased 
from the original ratio of 5 3 and approached the ratio of 1 as complete 
redistribution was reached In Experiment 2 the ratio of m the 
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carboxyl and caibonyl carbons is as 133/0 24 oi 5 5 Both atoms had 
been diluted by non-isotopic acetoacetate formed from non-isotopic metab- 
ohtes, but this dilution n as the same for either carbon atom In Expen- 
ment 3 a companson i\as made of the total ketone bodies formed and the 
degree of dilution of of acetoacetate dunng the experiment 
Unfoitunatelj' the sample of CO^ lepiesentmg the caiboxyl caibon of the 
final acetoacetate was lost There is, hoivevei, loughlj a proportionahti' 
between the dilution of in the carbonyl caibon and the production of 
ketone bodies by the hier slice An accurate companson of this kind 
cannot be made from x allies of the caibonyl carbon, since the absolute 
error in the deteimination of in low concentrations {le 0 10 atom 
per cent excess) is relatively gieat Expenments with both types of aceto 


Table II 

Experiments icith Carboxtil-Labelcd Octanoiile on Eat Liver Slices 



Experiment 1 

Experiment 2 


mil 

O* per cent 

mu 

C” ptr cent 



excess 


excess 

Octanoate (initial) 

0 400 


0 400 


Carboxyl carbon 


7 68 


7 6S 

Acetoacetate (initial) 

0 107 


0 100 


Carboxyl carbon 


0 00 


0 00 

Carbonyl “ 


0 00 


0 00 

Acetoacetate (final) 

0 110 


0 175 


Carboxyl carbon 


I 0 91 

1 

0 OR 

Carbonyl “ 

1 

0 63 


0 60 

Total ketones 

0 150 






acetate are in agreement In neither case could evidence be found that 
m hver shoes there is a measurable sphttmg of acetoacetate into 2-carbon 
fragments which randomly recondense * 

Expenments vnth Carboxyl Isotopic Octanoate — In Table II are recorded 
the data of two expenments m which carboxyl isotopic octanoate and 
non-isotopic acetoacetate weie mcubated together wuth liver slices aer- 
obically for 2 hours Non-isotopic acetoacetate xvas added at the beginnmg 
of the incubation m ordei to simulate as neaily as possible the conditions 
of the expenments with isotopic acetoacetate repoited above It was 
felt that in all expenments the average concentration of acetoacetate 
dunng the 2 hour incubation penod should be approximately the same m 


1 Althouo-h no evidence could be found for the redistnbution of isotope between 


the carboxjl and carbonyl carbons of acetoacetate when liver slices were 


incubated 


lut: uui uu 1 auu — — - >iAVC 

with either of the two txpes of isotopic acetoacetate, preliminary experiments ^ 
indicated that this reaction maj take place in rat kidnej slices to a sigmficant ex en 
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order to compare the lesults of the expemnents with isotopic octanoate 
and isotopic acctoacetatc Aside from the inclusion of non-isotopic 
acetoacetate in the incubating medium, the conditions of our expenments 
with isotopic octanoate were identical wath those of Wemhouse el al (1) 
In contrast to the expenments of these latter investigators we did not 
obtain equal amounts of C'=“ m the carbonyl and caiboxjl carbon atoms 
of acetoacetate denved from carboxyl isotopic octanoate In our expen- 
ments the carboxjd caibon contained on an average 0 94 atom per cent 
excess C’’, while the carbonyl carbon contained 0 62 Although differing 
perhaps in quantitative aspects, oui experiments with octanoate confirm 
those of Weinhouse el al w hich demonstrated that the carboxyl carbon of 
octanoate is an important precursor of both the carboxyl and carbonyl 
carbbns of acetoacetate in rat hver slices 

niscussroN 

The axpenments repoited with isotopic octanoate and acetoacetate 
in rat liver slices have demonstrated that the isotope appearing m the 
carbonyl position of acetoacetate formed from carboxyl isotopic octanoate 
does not arise bj’’ a prelimmaiy formation of carboxyl isotopic acetoacetate 
and a secondary splitting of this compound into 2-carbon fragments which 
recondense randomly to form the carboxyl- and carbonyl-labeled aceto- 
acetate On the contiary, these data might favor the point of view that 
2-carbon fragments are split off fiom fatty acids and, fading to be oxidized, 
are condensed into acetoacetate This conclusion has been indicated not 
only by the experiments of MaeKay el al (2, 3) and Weinhouse el al (1) 
but also bj those of Lehningci (11) Lehmnger has shown that washed 
hver particles treated with malonate may oxidize octanoate or pyruvate, 
ivith the quantitative formation of acetoacetate Upon addition of fumarate 
to this system the formation of acetoacetate was reduced and there was an 
increase in citrate formation w'hen compared to suitable controls It was 
furthermore found that acetoacetate could not be oxidized by this enzjme 
system either m the presence or absence of fumarate Lehmnger has 
mterpieted these data as indicating that acetoacetate is not the condensmg 
agent m citrate formation but rather some 2-carbon compound denved 
from the oxidation of octanoate or pymvate 
The expenments of the above investigators thus emphasize the metabohe 
inertness of acetoacetate in hver tissue and mdnectly support the point 
of view that 2-carbon fragments are the metabolically active products of 
fatty acid catabolism Although this point of view may be at present 
favored over others, it must be accepted wath some reservation until more 
direct evidence is available descnbing the exact chemical composition and 
metabolic r61e of this 2-carbon intermediate and until other possible 
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bmmary formation of carboxyl isotopic acetoacetate and a secondary 
splitting of this isotopic species into 2-carbon fragments which recondense 
randomly to form acetoacetate labeled in both carbonyl and carboxyl 
positions 
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In connection Mith m\ estigations under May m this laboratory con- 
cerning the metabolism of compoimds containing methyl groups, it was 
desired to piepare methionine m which the methyl group was labeled 
with C’^ Methionine labeled mth deuterium m the meth 5 d group has 
been used by du Vigneaud and cow orkers (1 , 2) m studies of transmethy- 
lation The evtremely sensitne methods available for the detection 
of radioisotopes indicated that methiomne contaimng the methyl group 
labeled inth radiocarbon might make possible an amplification and ex- 
tension of the results obtained wnth the deuteno compound 
The s 3 'Tithesis of the desired compound involves essentially a satisfactorj' 

‘ synthesis of the correspondingly labeled methyl iodide, smee methionine 
can be conveniently prepared by the condensation of methyl iodide with 
the sodium derivative of homocysteme m liquid ammonia (3) The syn- 
thesis of methyl iodide from the radioactne barium carbonate available 
as starting matenal w as accomplished by the followmg senes of reactions 


BaC*0, 


H+ 


^C*0, 


KOH 


> KHC*0, 


Pd 


HC*OOK 


(CH,0),S0, 


TT TTT 

HC*OOCH, - - C*H30H + CH.OH C»H,I + CH.I 

CuOCrOj 


Yields of compounds m each of the above steps weie in the range, 90 
to 100 per cent The over-all yield of radiocarbon, from banum carbonate 
to methionine, was 50 per cent The 2-fold dilution of radioactivity 
inherent in the method w as not considered disadvantageous m the present 
work, smee a 10-fold dilution of the original radioactivity ivas desired 
m the final product The conversion of banum carbonate to potassram 
formate w'as carried out without dilution of the radioactive banum car- 
bonate, on a 0 77 mM scale The radioactive potassium formate was 
then diluted 5-fold wnth ordinary potassium formate and the diluted ma- 
terial M’as earned through the lemaimng steps 
It IS obvious that the radioactive intermediates produced m this senes 

419 



420 


EADIOMETHIONINE SYNTHESIS 


of reactions aie of value in ssmtheses of other compounds containing isotopic 
carbon 

A senes of reactions similar to those shown above has been used by 
Harman, Stewart, and Ruben (4) for the incorporation of short lived radio- 
carbon C“ mto methyl iodide In the procedure used by these authors, 
isotopic carbon dioxide was reduced to formate en 2 ymatically by means 
of Bacterium coh The formic acid was esteiified by treatment with methyl 
alcohol and sulfunc acid, and then purified by fractional distillation 
Yields m the carbon dioxide reduction step were not reported 

Direct catalytic reduction of carbon dioxide to methanol at approx- 
imately 400 atmospheres of pressure has been reported (5), but the ap- 
phcabihty of the method to small scale work was not investigated by 
us because eqmpment for lower pressures was more readily accessible' 

In the work reported herem, carbon dioxide was liberated from the 
sample of radioactive banum carbonate by treatment mth perchlonc 
acid (6), and was then absorbed by an amount of potassium hydroxide 
solution sufficient to provide a slight excess over that required to form 
potassium bicarbonate The small amount of unabsorbed carbon dioxide 
was recovered as barium carbonate The bicarbonate solution, adjusted 
to the correct pH, was reduced by the method of Bredig and Carter (7) 
These authors ob tamed a 75 per cent yield of formate by the reduction 
of potassium bicarbonate at 60 atmospheres of hydrogen pressure We 
found that at a pressure of approximately 100 atmospheres a sample of 
potassium bicarbonate yielded 98 to 99 per cent of the theoretical amount 
of formic acid Formic acid was determined by the reduction of mercunc 
chlonde to mercurous chlonde (8) In an experiment m which non-isotopic 
banum carbonate was converted to potassium bicarbonate and then to 
potassium formate, the over-all yield of formate determmed by the above 
method was 94 per cent 

Direct esterification of potassium formate was cai ned out with methyl 
sulfate by the method of Graebe (9) This procedure has been used to 
obtam practically quantitative yields m the estenfication of isotopic potas- 
sium acetate (6) It appeared to work equally well in the preparation 
of methyl formate In a prelimmary expenment, a sample of methji 
formate so prepared from non-isotopic potassium formate possessed a 
refractive mdex = 1 3508) identical with that obtained for a sample 
of redistilled methyl formate , 

1 A synthesis of methyl iodide containing C‘*, involving the direct reduction of 
carbon dioxide to methanol at high pressures, has been recently reported (Tomer , 

B M , in preliminary abstracts of a symposium on isotopes sponsored by the Oom- 
nuttee on Growth of the National Reseach Council, Umversity of Chicago, Marc 
and 4, 1947, see also J Am Chem Soc , 69, 1529 (1947)) 
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llic loduUion of mcdivl foimite to methanol nas earned out at it- 
mosphciie piowiu wilhcoppoi chiomile c italyst, is dcsciibed by ITai-man, 
Stew lit, and Huben (4) When i sample of oidinaiy methyl foimate 
was c lined thioiigh this piocednie, piactically complete i eduction to 
methinol occuiied, is evidenced by a lefiactive index of = 1 3292 
foi the condensed lapois fiom the leduction leaction, compaied with 
jId" = 1 3288 obsened foi a piiiified sample of methanol 

In the leduction of the methyl foimate labeled with ladiocaibon the 
methanol was not collected, the vapois weie instead passed directly into 
boiling h-\diiodic acid, as desciibed hy Haiman, Stewait, and Ruben 
The meth>l iodide vapois fiom tins step weie piiiified, diied, and con- 
densed In a piehminaij’^ expeiiment, a sample of non-isotopic potassium 
formate was conveited by the aboie piocedure to methil iodide with a 
refiactne index (iin® = 1 5421) identical with that of a sample of piiiified 
methyl iodide In anothei expeiiment the ovei-all yield of methyl iodide 
fiom 320 mg of potassium foimate was detei mined b}'^ conveision of the 
methjd iodide to its solid deinative, tetiamethjdammonium iodide, and 
was found to be 83 pei cent 

Oidinaiil}', in the conveision of meth}'! iodide to methionine bj'^ con- 
densation with the sodium deiivative of homocysteine in liquid ammonia, 
a slight excess of methyl iodide is used To minimize losses of ladiocaibon 
in this step, it was consideied advisable to use a slight excess of benzyl- 
homocysteine However, difficulty was expeiienced in obtaining puie 
methionine by this pioceduie The leaction was theiefoie earned out 
by the use of a slight excess of benzjdhomocysteme, the addition of the 
radioactive methjd iodide to the reduced compound, and then the addition 
of a small amount of non-isotopic methjd iodide to react w ith the excess 
homocysteine The ladioactive L-methionme obtained by this pioceduie 
was analyticallj’- and opticallj" puie after one ci ystallization 

EXPERIMENTAL 

All leactions involving ladioactive gases oi volatile liquids weie earned 
out m a hood 

Potassium Bicarbonate — 151 7 mg ofbaiium caibonate, containing ap- 
pioximatelj'^ 0 94 milhcuiie of C“ (purchased fiom the Clinton Laboi atones 
of the Monsanto Chemical Company), w eie placed m the leaction chambei 
(A) of the apparatus illustiated in Fig 1 The separately funnel con- 
tained 10 ml of 40 pel cent peichlonc acid (6) Inside tiap B was placed 
a glass test-tube, 18 X ISO mm , the side of which earned a small i ent-hole 
60 to 70 mm fiom the bottom In this tube, which was used latei as the 
glass liner foi the hjffii ogenation bomb, was placed 1 0 ml of 0 832 x potas- 
sium hjffii oxide solution The tup and contents weie cooled m a dn 
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ice-cellosoh c mixtuie, and the appaiatiis nas flushed out uith a stieam 
of caibon dio\ide-fiee nitiogui gxs The alkali ti ip i\as then cooled ni 
liquid mtiogen, and the peichloiic acid solution i\as added diopwise to 
the baiium caibonate, Mith a sloi\ stieam of mtiogen passing thiough the 
appaiatus Aftei 45 mmutes the stop-cock connecting the tiap and 
sepal atoiy funnel was closed, the trap was eiacuated by means of an oil 
pump to 1 01 2 mm piessuie, and the second stop-cock was closed The 
ei acuated tiap was allowed to stand at loom tempeiatuie foi 24 hoins 
The contents of the tiap weie lefiozen b}" means of a di 3 ice-cellosoh e 
mixtiue, and a small amount of caibon dioxide gas lemaming m the tiap 
was flushed out bj"^ means of a stieam of mtiogen gas, and collected in a 
sciiibbei contammg banum hj'di oxide To the fiozen solution in the tiap 



Fig 1 Apparatus for the comersion of barium carbonate to potassium bicar 
bonate, one eighth actual size 

weie added 2 to 3 ml of an aqueous suspension containing 50 to 100 mg 
of fieshlj' piepaied palladium black catalyst, and this mixtuie was allowed 
to fieeze as a la 5 ’'ei above the caibonate-bicaibonate solution The test- 
tube containing the fiozen mixtuie was lemoved fiom the tiap and sealed 
off at the top The liquid was allowed to melt, a diop of phenolphthalein 
solution was added thiough the side tent-hole, and 0 1 n sulfuric acid 
w as added until the solution w as only faintlj^ pink 

Poiassittm Formate — The tube containing the potassium bicaibonate 
and palladium black catah^st was placed m an Amiiico high piessuie hydio 
genation bomb The appaiatus was filled with hj^diogen at tank piessuie 
(appioximately 100 atmospheies) and heated at 70° with shaking for 21 
houis The hj'diogenation mixtuie was then filteied to lemove the cat- 
alyst, the filtiate being collected m flask C of the appaiatus illustnted m 
Tig 2 To this solution weie added 258 mg of non-isotopic potassium 
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foim lie, cind the solution was o\ ijioi itcd to a somisolid mass m a sticvm 
of liol, di\ in 'riic inalcn d w is diicd fuithci in vacuo o\ei phosphoius 
pentoxide and powdeied by means of a glass lod 
Mclhi/J Fonnnte — To the div, powdeied potassium foimate was added 
0 6 ml of fieshh distilled methyl sulfate m such a manner as to wet the 
giound glass joint of the flask, which was then attached to the appaiatus, 
as shown m Fig 2 The leaction flask was heated slowly o^el a peiiod 
of 2 hoius to a tempeiatuie of 185®, means of an oil bath, with a slow 
stieam of nitiogen passing thiough the appaiatus The methvl formate 
was condensed in tiap D, which was cooled in a dij' ice-cellosolve mixtuie 
The uncondensed gases weie passed thiough a baiiiim hydio\ide scuibbei 
The \ohimc of methyl foimate collected m the bottom of the tiap was 
appioximately 0 2 ml 


r 

0 



2 

Fig 2 Apparatus for the esterification of potassium formate, one-eighth 
actual size 

Methyl 7odw/e— The apparatus illustiated in Fig 3 was used for the 
1 eduction of the methjd foimate to methanol and conveision of the me- 
thanol to meth3d iodide Tube contamed coppei chiomite catalj^st 
suppoited on silica chips, piepaied accoiding to the dnections of Harman, 
Stew ait, and Ruben (4) Flask F contained 10 ml of fleshly distilled, 
constant boiling ly^dnodic acid, heated undei a leflux bjr means of an oil 
bath held at 135° In scrubbei G weie placed 4 ml of an aqueous sus- 
pension of led phosphoius, and tube H contamed calcium chloiide Tiap 
J, in which the methyl iodide was collected, was cooled by a diy ice-ccl- 
losolve mi\tuie The tube containing the catalyst (E) was heated bj 
means of an electiic fiunace and was held at 160° duimg the i eduction 

The tiap (D) containing the methyl foimate was lemoied from its 
drv ice-cellosolve bath and attached to the i eduction tube (R), as shown 
in Fig 3 A slow stieam of hj'diogen was passed through the tram The 
methjd foimate, which was allowed to waim to lOom tempeiatuie, slowK 
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e^apoIated m the stie.un of liydiogcn iiid y is earned into tlie catalyst 
clnmbci The methyl foimate c\apoiatcd completely withm an hoiii, 
aftei an additional 30 mmntes tiap J containing the methyl iodide Mas 
disconnected The a olume of methyl iodide in the trap m as appi oximateh 
0 37 ml 



E 


3 



Fig 3 Apparatus for the conversion of nietlnl formate to methjl iodide, one 
eighth actual size 



Fig 4 Apparatus for the preparation of methionine from methjl iodide, one 
eighth actual size 

L-i/e//uontne— The conveision of methyl iodide to methionine Mas 
earned out in the appaiatns illustiated m Fig 4 In flask L tieie placed 
155 gm of diy, poydeied S-benzyl-L-homocysteme (10) Diy liT***^ 
ammonia (30 ml ) w as distilled into the flask, w Inch m as cooled in a diy ice- 
eeWosolye mixture Diy mtiogen was bubbled tluough the flask to effect 
moTC lapid dissolying of the solid Sodium w ue w as added to the solution 
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111 small amounts until the blue color due to excess sodium remained for 
several minutes after tho last addition Then the temperature of the bath 
surrounding the revction flask was laised to -50°, the trap (J) contaimng 
the methyl iodide was attached, and a slow stream of mtrogen was passed 
through the apparatus Trap K was cooled m a dry ice-cellosolve mixture 
to remove traces of moisture from the mtrogen used to sweep the methyl 
iodide in trap J into the reaction flask L The trap contammg the methyl 
iodide lias n armed to 50° All the methyl iodide had evaporated withm 
30 minutes A niti opi ussidc test on a small sample of the reaction mixture 
lias positiie, so 0 025 ml of non-isotopic methyl iodide iias added to 
the reaction flask through the side arm A second 0 025 ml addition iv as 
necessarv before the mtroprusside test became negative The liquid 
ammonia iias then aliened to evaporate slowly, with a stream of nitrogen 
passing through the solution 

The wh’te, solid residue was dissolved m 15 to 20 ml of water Hy- 
dnodic acid W'as added until the solution wms acid to litmus but still alkahne 
to Congo red Insoluble material was separated by filtration The 
filtrate w^as concentiated in vacuo to 5 or 10 ml and then heated to dissolve 
the cr 3 'stallme material which had separated To the hot solution 100 
ml of boiling absolute ethanol were added The mixture w^as kept at 
0 ° overnight The siUerj’’ crystals of L-methionme were collected by 
filtration, washed with alcohol and ether, and dried The yield was 860 
mg The material melted with decomposition at 283°, a value identical 
■With that observed for a pure sample of L-methionine The optical rotation 
was Mo' = —7 75° (2 dm tube, c = 0 95, in w'atei) 

' C,HnO NS Calculated » N 9 38, S 21 48 

(149 2) Found “ 9 32, “ 21 70 

Radioactivity Measurements — In ordei to determme the over-all j’^eld 
of radioactivity in the conveision of radioactive barium carbonate to 
methionine, samples of both the startmg matenal and the final product 
were converted to carbon dioxide by appropiiate methods The carbon 
dioxide was absorbed m sodium hydroxide solutions, which were then 
made up to definite volumes To aliquots of these solutions was added 
enough sodium carbonate solution to yield about 50 mg of banum car- 
bonate w^hen the solutions w ere treated wuth banum chloride The precipi- 
tation w'as earned out in hot solution m order to yield a more coarselj 
Crystalhne banum carbonate The precipitates w ere filtered and collected 
by the method described by Hennques el al (11) foi the precipitation and 
collection of benzidme sulfate In our method the precipitates coiered 

" The amount of C** present does not significantly affect the analj tical results 
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an area of 2 32 sq cm on the paper disks, and therefore had thicknesses 
greater than 20 mg per sq cm The radioactivity measurements ivere 
made with the use of a thm mica wmdow bell-shaped Geiger-Muller counter 
(11) and a scahng circuit After correction for background and vanation 
m thickness of the samples (12, 13), it was found that 1 89 X 10“® mg 
of the radioactive barium carbonate gave 485 counts per mmute, while 
barium carbonate prepared from 1 93 X 10“- mg of the radioactive me- 
thionme gave 451 counts per mmute The 151 7 mg of banum carbonate 
used as the startmg matenal accordmgly represented 3 89 X 10^ counts 
per mmute, and the 860 mg of methionine 2 01 X 10^ counts per mmute 
The over-all 3 aeld of radioactivity was therefore approximately 51 per 
cent 

SUMMAJIY 

A synthesis of L-methionme contammg radiocarbon (C^*) m the methyl 
group has been descnbed Radioactive banum carbonate, the startmg 
matenal, was converted to potassium bicarbonate, which was reduced 
m the presence of palladium black catalyst to potassium formate Esten- 
fication of the potassium formate was earned out with methyl sulfate The 
methyl formate so obtamed was reduced to methanol by means of a copper 
chromite catalyst Methyl iodide, prepared by the treatment of the 
methanol with hydnodic acid, was condensed ivith the sodium dem ative 
of homocysteme m hqmd ammonia to yield methiomne 

The authors wish to express their appreciation to Miss Josephine E 
Tietzman for the microanalyses reported m this paper 
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Deficiencies of pteroylglutamic acid have been produced in vanous species 
by feeding punfied diets The signs of the deficiency in chicks were re- 
ported to include slow growth, a macrocytic hyperchromic anemia, reduc- 
tion m leucocytes and thrombocytes (1), and impaired feathermg and 
pigmentation (2) The deficiency m rats was produced by addmg sulfona- 
mides to a punfied diet The rats developed a syndrome which was marked 
by agranulocytosis, leucopema, hypoplastic bone marrow, anemia, and 
slow growth, and which responded to pteroylglutamic acid (3) 

A synthetic product with “displacmg” activity for pteroylglutamic acid 
was recently desenbed (4) as “methylfohe acid,” prepared by allowmg 
2,4,5-tnanuno-6-hydroxypynmidine and p-aminobenzoyl-n-glutamic acid 
toreactmth2,3-dibromobutyraldehyde as described by these laboratones 
(5) The product was found to antagonize the grou’th-promotmg action 
of pteroylglutamic acid for Streptococcus faecahs R 
In the present commumcation, results are desenbed which had been 
obtained with a s imil ar product previous to the appearance of the report 
by Martin and coworkers (4) The crude “antagomst” was prepared by 
Dr M E Hultqmst and Dr J M Snuth, Jr , Calco Chemical Division, 
Amencan Cyanamid Companj’^, by usmg p-aminobenzoyl-n-glutamic acid 
rather than the n compound m the reaction The crude product was fed 
to weanlmg female albino rats which received a punfied diet plus 1 per cent 
sulfasuxidme The basal diet contamed all the available crystallme B 
vitamins except pteioylglutamic acid The preparation was found to 
accelerate and mtensify the signs of pteroylglutamic acid deficiency m 
rats The effect of the preparation was apparently completely prevented 
by addition of smtable amounts of pteroylglutamic acid to the diet 

EXPERIMENTAL 

Preparation of Crude Antagomst— The reaction previously desenbed (5) 
was used, except that a:,)3-dibromobutyraldehyde was used rather than the 
corresponding dibromopropionaldehyde The crude precipitate, hereafter 
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referred to as the “antagonist,” was separated inth a filter aid and was 
dned without attempts at punfication 
Mtcrobiologtcal Effect — ^The antagonist was found to inhibit the growth- 
promotmg effect of pteroylglutamic acid on Streptococcus faecalis E and 
Lactohacdhis casei The medium of Landy and Dicken (6) was modified 
so as to contam the same aimno acid, punne, pjTimidme, and vitamin 


Table I 

Effect of Antagonist and Pteroylglutamic Acid (PGA) on Growth of Streptococcus 


faccahs R and Lactobacillus casei 


Organism 

VGA per 10 ml 
medium 

Antagonist per 

10 ml medium 

Growth 

Apparent mimmum 
ratio of antagonist 
to PGA for man 
mum mhibition 


y 

y 

optical density 


iS faecalis E. 

None 


0 02 



0 0025 


0 40 



0 01 ' 


0 88 



0 01 

0 1 

0 37 



0 01 

0 3 

0 04 

30 


0 1 

0 8 

0 30 



0 1 

1 2 

0 12 


j 

0 1 

2 0 

0 04 

20 


1 0 

1 0 

1 10 



1 0 

3 0 

0 66 



1 0 

10 

0 30 



1 0 

30 

0 14 

ml / \ NaOIl 

30 

L casei 

Kone 


1 1 



0 0001 


4 2 



0 002 


9 4 



0 001 

0 3 

4 0 



0 001 

1 0 

1 6 

1000 


0 001 

3 0 

0 5 



0 1 

1 0 

9 6 




supplements as were used by Teply and Elvehjem (7) The growth peno^ 
for Strcptococcnis faecalts R were 16 hours and for Laciohacillus casct /Q 
hours The inhibition was reversible, and is illustrated by the data in 
Table I 

Care of Animals — ^IVeanhng female albino rats of the Wistar strain were 
kept m cages with ^ inch mesh wire floors The basal punfied diet (Diet 
1) had the followmg composition glucose (cerelose) 72 gm , washed casan 
(Labco) 20 gm , salt mixture (8) 4 gm , corn oil (Mazola) plus vitamins 
A, D, and E 3 gm , succmylsulfathiazole 1 gm , cholme chlonde 0 1 g® , 
mositol 0 1 gm , macmaimde 5 mg , calcium pantothenate 5 mg , thianime 
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hj droclilonde 1 mg , nboflavin 1 mg , pyndoxme hydrochlonde 1 mg , 
p-ammobenzoic acid 1 mg , l-aceto\y-2-meth3d-4-naphthyI sodium phos- 
phate 0 5 mg , biotm 0 02 mg 3 gm of the com oil preparation contained 
1 itamin A (acetate) 1500 TJ S P units, intamin D (delsterol) 200 A 0 
A C chick units, mi\ed tocopherols 34 mg Five rats were used in each 
group 

Table II 


Effect of Antagonist and Pteroylgbdannc A.cid (PGA) on Growth of Rats Fed Diet 1 


Experj 
ment No 

Group No 

j Supplement 

Gam m weight 

PGA per 
kilo diet 

Anta/?onist 
per kilo diet 

2 wks 

4 

6 wks 

8 wLs 



me 

m 

m 

Sm 

sm 

gm 

1 

1 

0 

0 

44 

66 

85 



2 

1 0 

0 

-12 

71 

94 i 


1 

3 

0 

1 0 

31 

29 

* 



4 

0 3 

1 0 

42 j 

64 

72 



5 

3 0 

1 0 

50 j 

86 

104 



f. 

30 

1 0 

49 

82 

112 



7 

0 

10 

29 

17 

* 



8 

1 0 

10 

33 

22 

* 



9 

10 

10 

47 

79 

94 



10 

100 

10 

45 

74 

95 


0 

11 

0 

0 

18 

45 

60 

66 


12 

1 0 

0 

25 

54 

81 

87 


13 

0 

10 

17 

6 

* 

* 


14 

1 0 

10 

24 

33 

t 

t 


15 

10 

10 

22 

47 

65 

79 


16 

100 

10 

28 

57 

83 

92 


* All animals dead 

t Animals remoi ed for recover} experiment 


RestiUs 

Addition of the antagomst to Diet 1 pioduced a syndrome similar to 
but more severe than that described elsewhere for rats which received a 
purified diet plus sulfonamides (3) (Table II) By usmg various levels 
of the antagomst and pteroylglutamic acid it was readily possible to 
demonstrate a competition between the antagomst in producing the 
syndrome and pteroylglutaimc acid m preventmg it After the syndrome 
had been produced, it was possible to reverse it by increasing the dietary 
level of pterojdglutamic acid and to study the legenerative changes con- 
cerned with recovery 

It was found that, when the level of pteroylglutamic acid added to the 
diet M as m excess of approvunatels’^ 0 3 mg per gm of antagomst, the rats 
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were protected against pteroylglutamic acid deficiency If, howeverj 
the level of pteroylglutamic acid was 0 3 mg or less per gm of antagonist, 
the animals developed acute signs of pteroylglutamic acid deficiency which 
became progressively more mtense as the ratio of antagomst to pteroyl- 
glutarmc acid was vudened (Table III) The deficiency was charactenzed 
by a number of parallel effects, mcluding a slowing of growth, a reduction 

Table III 


Effect of Antagomst and Pteroylglutamic Acid (PGA) on Hematology of Rats Fed 

Diet 1 


Experiment 

No 

Group No 

Supplement 


Per 

White blood count, cells 
per c mm X 10* 

Granulocj te count, cells 
per emm 

PGA 

An 

tago 

mst 

1 

wk 

3 

^%ks 

5 

\\\ s 

7 

TVks 

1 

3 

ivks 

5 

v-ks 

7 

wks 

1 

wk 

3 

wks 

5 

wks 

7 

wks 



ms per 

per 

H 













1 

1 

0 

0 

[git 


IS 3 



S 2 

12 6 



1500 

1500 



2 

1 0 

0 

14 5 

16 6 

19 3 



10 5 

15 2 



2400 

2600 



3 

0 

1 0 

14 5 

13 6 

10 5 



2 8 

0 8 



84 

16 



4 

0 3 

1 0 

14 7 

13 1 

IS 1 



7 8 

13 3 



470 

540 



5 

3 0 

1 0 

15 8 

15 1 

20 9 



10 9 

13 7 



1500 

1100 



6 

30 

1 0 

14 9 

15 6 

21 3 



11 3 

14 9 



1800 

1500 



7 

0 

10 

15 4 


* 



0 8 




8 

* 



8 

1 0 

10 

15 4 

12 2 




2 5 

• 



100 

* 



9 

10 

10 

13 8 

15 1 

20 2 



9 5 

14 2 



1200 

1100 



10 

100 

10 

[Rig 

HUi 

20 6 



15 5 

IS 2 



2900 

1600 


2 

11 

0 

0 

13 2 

12 1 

15 2 

16 5 

5 6 

9 7 

7 0 

5 5 

1200 

1500 

630 


12 

1 0 

0 

ian 

13 1 

15 9 

17 3 

7 9 

14 8 

12 8 

14 I 

990 





13 

0 

10 

13 8 

10 6 

♦ 

♦ 

5 7 

2 2 

* 

* 

970 

66 

• 



14 

1 0 

10 

14 7 


12 2 

t 

4 5 

4 7 

3 8 

t 

670 

140 

■ £1 

t 


15 

10 

10 

Mifn 


17 1 

17 8 

9 4 

9 5 

6 1 

10 0 

2100 

ESI 

B i!!l 



16 

100 

10 

14 7 

15 8 

17 6 

18 3 

14 4 

9 8 

12 0 

13 S 

3100 

■ 

mm 



* All animals dead 

f Animals removed for recovery expenment 


of the per cent hemoglobm, a similar but more marked reduction of the 
white cell count, and, m the differential white count, a greater reduction 
m the granulocytes than m the lymphocjdes The first change observed 
was a loss m weight Dunng this penod, mamtion developed and the to 
became very rough and unkempt m appearance Encrustation of t e 
vibnssae with a red pigment (9) was observed, together with severe diar- 
rhea Most of the animals found difficulty m eatmg and appeared to have 
a tenderness of the mouth There was always an excellent correlation 
between the blood morphologj , weight changes, and the external signs o 
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the condition The animals were usually in a moribund condition withm 
1 to 2 weeks after the onset of the syndrome At this time the rats were in 
a state of extreme emaciation, a general cjdopema had developed, and 
loss of body weight was about 20 per cent 

The most sigmficant observation at autopsy was the condition of the 
01 al ca\nt 3 '’ All animals winch died from the syndrome produced by the 
antagonist were found to have necrotic and ulcerative changes in the 
oral cavity Many rats developed deep ulcers on the hp There was 
usuallj’^ a general necrotic condition withm the mouth A severe gmgivitis 
V as common and manj' ammals developed deep ulcerations at the margms 
of the gums In several animals ulcerations were seen on the central parts 
of the antenor surface of the tongue In a few rats deep abscesses m the 
sinuses were found associated with the erosion of the palate 

The lungs were usually inflamed, with considerable congestion The 
gastrointestinal tract of most ammals was empty and atomc Only the 
gemtal system was found to be altered The uten were always small and 
atrophic The hver, spleen, heart, and other organs were normal m size 
and appearance 

Bone Marrow — The distnbution and morphology of the cells m the bone 
marrow were in accord mth the hematological changes found m the 
penpheral blood All marrow samples were normal m appearance and no 
fatty mfiltration was apparent Samples were obtained at autopsy from 
the femur and smears were prepared by the touch techmque with Wnght- 
Giemsa stam Two shdes were prepared from each animal, the values are 
given m Table IV as cells per 100 nucleated cells after countmg 1000 cells 
on each shde 

Animals 12-2 and 12-3 received an adequate pterojdglutarmc acid supple- 
ment of 1 0 mg per kilo of diet and were used as the controls The values 
for Ammals 12-2 and 12-3, therefore, mdicate the normal ranges for the 
vanous types of nucleated cells of the marrow The other rats received 
supplements per kilo of Diet 1 as follows Animal 3-4, 1 0 gm of antagomst, 
Animal 13-3, 10 gm of antagomst. Animals 6-1, G-3, and 6-4, 30 mg of 
pteroylglutamic acid plus 1 0 gm of antagomst, Ani mal s 14-4, 14-1, 14-2, 
and 14-5, 1 0 mg of pteroylglutamic acid plus 10 gm of antagomst until the 
6th week, followmg which the pteroylglutamic acid level was increased to 
100 mg The morphology of the marrow from a rat with a severe antag- 
omst-mduced syndrome is mdicated by the results obtamed with Ammals 
13-3 and 3-4 The data show that the proportion of nucleated erythroid 
cells was mcreased Furthennore, although deepl} staming blast cells of 
this group were seldom seen in the controls, a considerable number weie 
found m the erythroid senes of the animals with the sjmdrome In the 
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myeloid senes \er\^ few mature granulocites were foimd These data 
indicate that the antagonist exerted a a ery pronounced effect on the cjdo- 


Table It 

Effect of Antagonist on Cijtology of Bone Marrow of Bats 45 Compared icith Ratsftc 
cening Prolcclnc and Cnrainc Lads of Ptcroylglutanuc Acid 






Marrow count 

\nmtal Ko 

Condition 

Total t\ks 
on cTperi 
ment 

Wks on 
reco\ try 
diet 

Nucleated 
er> throids 

1 ^fature 
, granulocj tes 

1 including 

1 mclamj- 
1 cloc* Ics 

Other 

nucleated 

cells 

Doubtful 

cells 





per cent 

[ per eenl 

per cent 

per cent 

12-2 

Xornnl 

10 


30-32 

! 17-lS 

45-48 

2-4 

12-3 


10 


31-33 

30-32 

30-32 

3-4: 

13-3t 

Deficient 

5 


40-42 

0 

51-53 

4-5 

3 4t 


4 


40-41 

0-1 

55-56 

3-4 

6 1 

Protected 

5 


2S-30 

37-38 

28-29 

4-5 

6 3 


10 


29-30 

36-37 

30-31 

3-4 

0-4 


10 


27-29 

i4-36 

35-36 


14-4 

Recoien 

6 

1 

21-23 

29-32 

43-44 


14-1,1 


0 

4 

12-13 

52-55 

25-27 


14 2*; 

‘ 

0 

■1 

28-37 

31-41 

27-28 


14-5*1 



■* 

30-34 

28-33 

27-30 

wm 


* Majontj stem cells 

T Animal 13-3 bad an aregeneratne marrow The increased proportion of cells 
of the nucleated eri'throid group and the appearance of a considerable number of 
deeply stained blast cells of this series resulted in a morphological picture similar 
to megaloblastic arrest The marrow, furthermore, showed a complete suppression 
of the maturation of granulocj tes 

t The bone marrow for Animal 3-4 was similar to that for Ammal 13-3 Mitotic 
figures were rare rsormoblasts and erythroblasts were seldom found and the 
erjthroid group consisted primarilj of deeply stained blast cells 

§ The marrow showed regeneration of cells of the mj eloid senes, although the 
cells were predominantlj metamj elocj tes rather than mature granulocj tes Within 
the erythroid group the number of normoblasts was low and the marrow was con 
sidered aregeneratn e for this senes 

II There was a hj'perregeneration of the mjcloid senes, as indicated bj a large 
number of granulocj tes (mostlj metamyelocj'tes) The marked scarcitj’- of normo- 
blast, erjthroblasts, and erj throcy tes, as well as the presence of megaloblasts, 
indicated that there w as an arcgencration of the marrow in the erjd;hroid senes 

^ The marrow of these two ammals appeared to be normal, indicating that re 
coA ery had taken place 

poietic mechamsm of the bone marrotw ‘The maturation of cells of the 
erj'throid senes and the production of mature granulocjdes were senousiy 
impaired Group 6 receit^ed the same dietary^ let^el of antagonist as c 
rats of Group 3, however, sufficient pteroylglutamie acid was added o 
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overcome the effect of the antagomst The values for these aniTriRls -nere 
m good agreement with those obtamed for the normal control group The 
present findings vith bone marrow are similar to the results previously 
leported by Endicott and coworkers (10) for rats with pteroylglutamic 
acid deficiencj’- induced by feeding a punfied diet plus succmylsulfa- 
tlnazole 

The experimental reversal of the deficiency syndrome m rats is descnbed 
beloi\ Observations were made on the marrow changes of these ammals 
The ammals of Group 14 developed the syndrome after receiving the an- 
tagomst, then the pteroylglutamic acid level was increased and most ani- 
mals recovered from the severe cachexia associated ivith the deficienc}’’ 

Animals 14-2 and 14-5 recovered completely m giowth and appearance 
T\Tien the animals v ere sacrificed 4 weeks after the reversal was begun, the 
marrow vas normal Animal 14-4 was sacnficed 1 week after the pteioyl- 
glutamic acid level i\as mci eased and the data indicate that only a partial 
recovei5'' of the noimal c3d;opoiefic function of the bone marrow had taken 
place Animal 14-1 remained refractorj’’ to the therapy and failed to show 
significant gams in body v eight This ammal displayed the most severe 
deficiency symptoms pievious to the attempted reversal and died as the 
expenment was being terminated The aberrant morphologj’’ of the 
marron from this animal is evident from Table IV 

Reversal of Effect of Antagomst — ^The results are shown m Fig 1 The 
rats from Group 14 were used, which had received a supplement of 10 gm 
of antagomst and 1 mg of pteroylglutamic acid per kilo of diet The 
“reversal” w^as attempted just pnor to the expected appeal ance of the 
terminal moribund state At the end of the 5th w^eek all of the ammals 
were still ahve but they were losmg W'eight, a severe cytopema w^as found, 
and all had the chaiacteristic chromodacryorrhea At this time the 
pterojdglutamic acid supplementation w'as mcreased to 100 mg per kilo 
of diet One animal died on the 1st day but the remaimng rats qmcklj 
show ed signs of recoveiy The rufSed fur and “bloody tears” disappeared 
in about 1 week The animals began to gam weight, the hemoglobm was 
restored to the normal level withm 3 weeks, and there ivas a staking 
leucopoiesis, the white cell count mcreasmg from about 4000 to 57,000 
cells per c ttityi vTthm 1 week The augmentation was pnmanly m the 
granulocyte senes Only one animal failed to respond The remaimng 
rats recovered rapidly and displayed normal appearance, growth rates, 
and blood morphology within a few weeks 

The anmnalR were sacnficed 4 weeks after the change and no oral lesions 
W'ere found The bone marrow at this time was normal m regard to cells 
of the erythroid and granulocjffe senes The only unusual findmg was the 
condition of the spleen One animal was sacnficed 1 week after the reversal 
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and the spleen was about 4 times the normal size This splenomegaly was , 
also found in animals sacnficed at the later time, although the degree of 
hypertrophy was not as marked 



I 2 3 4 5 6 7 8 «VeAs 1 2 3 4 5 6 7 8 l^eeAs 


Fig 1 Graphic representation of changes in hemoglobin, body weight, white 
blood cell count, and granulocyte count m five rats (Group 12) receding Diet I 
plus 1 mg of pteroylglutamic acid per kilo of diet (O) and in three rats (Group 14) 
receiving Diet 1 plus 10 gm of antagomst and 1 mg of pteroylglutamic acid per kilo 
of diet (X), which was changed (arrows) to Diet 1 plus 10 gm of antagomst and 
100 mg of pteroylglutamic acid per kilo of diet (®) 

DISCUSSION 

Dififermg “inhibition ratios” of the antagomst of pteroylglutamic acid 
were found for various orgamsms The ratio for Streptococcus faecalis R 
was 20 1, for Lactobacillus casei about 1000 1, and for rats about 3000 1 
The s3mdrome mduced by the antagomst appeared similar to the pteroyl- 
glutaimc acid deficiency produced m lats on a purified diet plus succmyl- 
sulfathiazole (3, 10) However, the syndrome produced by the antagonist 
was much more severe The results of the present mvestigations showed 
that the syndrome may be prevented or reversed by pteroylglutamic acid 
The oral lesions noted m this mvestigation have not been descnbed pre- 
viously m rats for the pteroylglutamic acid deficiency and recall the lesions 
described m monkeys (11) 

It was stated by Sabm (12) that one of the major problems of modem 
hematology is to find substances which exert specific effects on the matura 
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tion of the crytluoid and myeloid cells of the bone marrow Stimulation or 
depression of these cytopoietic mechanisms may now be accomplished by 
the use of pteroylglutamic acid or the antagomst 
Several climcal sjmdromes are marked by an increase m the count of 
the cellular elements of the blood It has been demonstrated m this study 
that m normal ammals a cytopema may be produced by the antagomst 
This pi operation might be used experimentally m an attempt to modify 
blood dyscrasias marked by erythroc 3 d;osis or leucoc 3 d;osis 

Chemical identification of the antagomst was not made, although the 
pi oduct described elsev here (4) has been designated “7-methylfohc acid " 

SUMMARY 

1 A crude piepaiation made by condensmg 2,4,5-tnammo-6-hydroxy- 
pjTiimdine and p-aminobenzoyl-L-glutamic acid with 2,3-dibromobu- 
tjTaldehyde v as found to antagomze leversibly the effect of pteroylglutamic 
acid on Streptococcus faccahs R, Lactobacillus casei, and rats 

2 The syndrome produced m rats by the antagomst appealed similar 
, to but more acute than that desenbed for pteroylglutamic acid deficiency 

as induced by feeding a purified diet plus succinylsulfathiazole, and nas 
accompamed by oral lesions 

3 Reversal of the syndrome vas accompamed by temporarily over- 
compensatory increases in total white blood cell and gianulocyte count 
An enlargement of the spleen was noted followmg recovery 
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A STUDY OF WHEY PROTEINS FROM THE MILK 
OF VARIOUS ANIMALS* 

Bt H F DEUTSCH 

(From the Departments of Physiological Chemistry and Physical Chemistry, 
Uniiersity of Wisconsin, Madison) 

(Received for publication, April 11, 1917) 

The proteins of the plasma and sera of vanous animals as studied by the 
electrophoretic techmque show extreme species vanation but are character- 
istic and reproducible for a given species (1, 2) It appeared desirable to 
detenmne whether the milk protems of various mammals would show simi- 
lar marked variation m electrophoretic patterns and whether any marked 
relation between the protems of milk sera and blood plasma exists An 
electrophoretic and ultracentnfugal study of the milk serum proteins of 
different animals at vanous times post partum has revealed charactenstic 
deviations m these proteins, but few if any apparent relationships to the 
homologous plasma proteins were found except for milk samples taken 
directly post partum 


EXPERIMENTAL 

Fat was removed from the vanous milk samples by centrifugation, foUow- 
mg which the sTom milk was adjusted to pH 6 2 (±0 1) by the addition of 
dilute hydrochlonc acid For reasons to be discussed, the casern was re- 
moved by rennm, a small amount of a commercial preparation sufficient 
to precipitate the casern withm 60 mmutes at 35° bemg used FoUowmg 
removal of the casern by centrifugation and filtration, the whey was dialyzed 
against cold ninmng tap water for 16 to 20 hours to remove the major part 
of the lactose The dialyzed protem was frozen and dned zn vacuo 

Electrophoretic analyses of these protems were earned out m a bar- 
biturate-citrate buffer of pH 8 6 and lomc strength of 0 088, m which the 
sodium citrate contnbuted 48 per cent of the lomc strength The samples 
were dialyzed agamst several changes of buffer for 30 to 60 hours at 1° 
Smee most samples showed varymg degrees of turbidity, they were filtered 
through a thm Seitz pad pnor to the final dialysis penod The electro- 
phoretic experiments were earned out m a long, single section ceU of 11 ml 
capacity at a constant potential gradient of approximately 8 5 volts per 
cm and at a temperature of 1° Electrophoretic mobihties were measured 
by usmg the center of the imtial boundary as the reference pomt Com- 

* A portion of this material was presented before the Division of Biological Chem- 
istrv of the American Chemical Society at Chicago, September 9-13, 1940 
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Tabi;h II 


Electroplwrelic and Ultracentnfugal Analysis of Whey Proteins 


Species 

Days 

post 

partum 

Per cent and electrophoretic mobility,* 
constituent No 

Per cent sedimentation 

constituentsf 

1 

2 

3 

4 

5 

6 

7 

8 

,i-» 

j* 




Bovine 


69 

5 

5 

1 

■ 

12 7 

2 4 







22 

68 



10 


1 

55 

7 

8 

2 

17 2 

16 9 

Kiii 













2 

26 

3 

14 

5 

22 5 


2 1 







75 

25 





Agedf 

IBi 

2 

18 




3 3 







93 

7 





u* 

2 

2 

3 

9 


6 1 

7 3 












Goat 


52 

8 

31 

6 

5 2 

4 0 

6 4 







39 

59 



2 


2 

11 


63 


9 2 

m 

7 1 







89 

8 



3 


4 

9 

2 

64 

8 

9 3 

SI 

6 5 













Agedf 

9 

5 

53 

7 

8 6 

15 9 

12 3 













u 

1 

7 

3 

9 

5 6 

6 5 

7 3 












Pig (Chester 

0 



39 

6 

9 3 

11 2 

12 5 

7 

1 


3 








vhite) 

3 



32 

5 


9 8 

14 2 

7 

5 

15 

4 









6 



7 

4 

29 0 

16 8 

8 4 

7 

9 


5 









14 

7 

8 

4 

7 

18 4 


15 6 

6 

6 

31 

6 









u 

0 

8 

1 

6 

3 6 

3 5 

4 3 

5 

2 

6 

4 








Pig (Po- 

0 



45 

2 

13 9 

8 1 

6 3 

m 

4 

16 

1 



38 

62 




land- 

4 



9 


25 6 

17 5 

6 2 

13 

2 

29 

5 








China) 

9 

1 

6 

11 

7 

26 3 

17 4 

5 2 

13 

3 

24 

5 



87 

6 

7 




u 

m 

9 

1 

8 

2 7 

3 7 

4 5 

5 

7 

6 

5 








Human 

l-2f 

33 

6 

23 

5 

1 W 


2 8 

4 

1 





75 

10 

3 

12 





0 

16 

5 




2 

6 













7 

18 





7 

3 













9 

5 

8 

45 3 

5 3 

6 1 

10 

6 













7 

11 


47 8 

4 9 


9 

7 





SO 

15 

3 

2 





4 

3 


4 8 

5 7 

6 3 

7 

4 










Sheep 


8 

2 



5 7 


11 6 

9 

4 

m 

2 

1 

8 

91 

9 





35 







fiila 

11 

S 

4 

3 

1 

4 

99 

1 





u 

1 

6 



2 7 

3 8 

5 1 

6 

1 

6 

8 

7 

5 






Horse 

11§ 

■m 

7 

5 

6 

19 2 

6 7 


6 

8 

/ 

B 



92 

811 





90 

14 


5 

9 

18 3 

[uE 

RB! 

4 

2 

6 










u 

0 

7 

1 

9 

3 1 

3 8 

5 6 

7 

8 

9 

1 










* Average mobilities (u) in 1 X cm ^ volt~* sec The mobilities are nega 


tive 

Sedimentation velocities (s o») in 1 X 10““ cm sec umt field”’ 

I Pooled samples 
§ Tw o animals 

II Sedimentation constant 7 G 

agreement with previous ivorkeis (3, 4), two electrophoretic componente 
were observed Their mobilities did not agree with any of those o e 
components of the whey, which suggests that the bovine whey samP 
studied did not contain sigmficant amounts of casein 
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Samples of the vanous milks showed charactenstic changes at vanous 
times post partum In general, these changes were charactenzed by pro- 
gressive decrease with time post partum m the mtrogen content of the whey 
and the components of low electrophoretic mobihty The higher molecular 
weight components showed similar decreases as revealed by sedimentation 
analysis Such observations are compatible with numerous data m the 




2 OAy 



^ POOLED AGED 

Fig 2 Descending electrophoretic boundanes of bovine whey at various tunes 
post partum 

literature which show marked mcreases m the albumm-globuhn ratio of 
milk proteins with mcrease m postpartum time The amounts of nitrogen 
found m the three milk fractions of the ammals studied at vanous times 
following dehvery are shown m Table I The electrophoretic analyses 
for the same samples are shown in Table II Numbers by which the com- 
ponents for a given species are designated bear no relationship to the same 
numbers used with components of other species, but are used merely as a 
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mattei of convenience Sedimentation analyses of the first and latest 
postpartum whey samples for each species are also included ivith the other 
data in Table II 

A marked change in the concentration of various protein constituents 
of bovine whey will be apparent fiom an inspection of Tables I and II 
The electiophoretic and sedimentation patterns reflecting these changes are 
shoAvn m Figs 2 and 8 In addition to the sedimentation components 
recorded in Fig 8, there is present a component with sedimentation con- 


1 



O TIME 



2 DAY5 


Fig 3 Descending electrophoretic boundaries of goat whey at 0 an 
post partum 


& 48 hours 


stant Sjoir = 20 Svedbeig umts This component lepresents about 10 per 
cent of the total piotein After 2 days, the milk constituents began to 
appioach those of normal pooled milk The electiophoretic composition 
of bovine colostrum is analagous to that recorded by Smith (4) The glo - 
ulms of slover electrophoretic mobility are relatively heterogeneous 
They possess a mobihty within the range of the y-globuhns separate 
from bovme serum by Smith (4) and by Hess and Deutsch (5) The e cc^ 
trophoretic pattern of the vanous bovme milk samples showm m rig 
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stronglj’^ suggests that seveial proteins aie present m the component desig- 
nated Component 1 

Relatively rapid changes m the \\ hej’’ proteins of the goat are indicated by 
the mtrogen anal 3 ’^sis These pioteins weie essentially noimal as indicated 
In nitrogen and electiophoietic analysis foi a sample taken at 48 hours 


POLAND -CHINA 



Fig 4 Fig 5 

Fig 4 Descending electrophoretic boundaries of human iihei at various times 
post partum 

Fig 5 Descending electrophoretic boundaries of iiheL of Chester iihite and 
Poland China pigs at various times post partum 

post partum (Fig 3) On the basis of chemical analyses, Bergman and 
Turner (6) have reported that the goat milk constituents tend to approach 
a stable condition on about the 3rd to 4th daj post partum The electro- 
phoretic mobihty of the fiaction of slow movement was close to that re- 
ported for the analagous constituent of goat blood plasma (1, 7) More- 
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over this component was relatively homogeneous m the electrophoretic 
field The sedimentation studies (Fig 8) show changes similar to those 
recorded for the cow whey 

Relatively shght changes with postpartum time m the electrophoretic 
and sedimentation diagrams were found in the case of the proteins of human 
milk whey However, it can be seen from Fig 4 that the amount of 
the electrophoretic Component 1 is largest m samples taken soon after 


4 



7 DAY 



35 DAY 

Pig 6 Descending electrophoretic boundaries of sheep uhey at various times 
post partum 



Fig 7 Descending electrophoretic boundary of horse whe> 11 dajs post partum 

birth'' The sedimentation patterns for human milk whey are more com- 
plex compared to those observed for the other species, also smaller amounts 
of the protems of sedimentation constants Siow = 1 to 3 Svedberg umts 
are present 

The electrophoretic patterns of the milk plasma protems of two breeds 
of pigs revealed shght differences even withm the species, as is shown m 
Fig 5 However, postpartum changes similar to those of the other anima 
studied, as reflected by the electrophoretic and sedimentation analyses 
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(Fig 8), are also evident The whey prepared from rmllf collected from 
the Chester white sow 14 da^’^s post partmn contained a component of lower 
electrophoretic mobihty than had been previously noted The sedimenta- 
tion patterns of the pig wheys reveal two defimte heterogeneous areas for 
the proteins of lower sedimentation constant 



Fig 8 Sedimentation diagrams of milk wheys at vanous times post partum 
The earliest samples shown at the top of series and times post partum for vanous 
ammals are as follows cow, 0 and 2 days, aged, horse, 11 days, goat, 0 and 2 days, 
pig (Poland-China), 0 and 9 days, human, 1, 2, and 90 days, sheep, 7 and 35 days 
Sedimentation constants in Svedberg umts form the abscissae 

Two samples of sheep milk were studied The sample taken 7 days 
post partum gave a whey which showed larger amoimts of the globuhn 
constituent compared to the later sample The electrophoretic patterns 
of the whey protems of this species, Fig 6, are qmte similar to those of 
the goat wheys The sedimentation patterns of the sheep wheye shown m 
Fig 8 reveal the presence of shghtly larger amounts of protem of higher 
sedimentation constant m the sample taken at the earher postpartum tune 
The wheys from two samples of horse milk taken relatively late post 
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partiim showed almost identical electiophoietu composition, as is seen In 
the results m Table II Honevei, the electrophoretic pattern shonn in 
Fig 7 IS distinctly different from that of the othei animals There is an 
electrophoietic component of ^er\ Ion mobility piesent m these nh vs 
A component in the nhey of a Chest ei nhite son (Fig 5), taken 14 days 
post partum, has a similai mobility The sedimentation diagram foi hoi-se 
nhej" (Fig 8) leveals less heterogeneity m the piotems of Ion sedimentation 
constant than is charactenstic of the othei animal n he\ s 

/■ 

DISCUSSION 

The changes in the nitrogen content found in samples of milk of \anous 
animals at different times post paitum coi respond in gencial mth values 
reported in the literature A portion of the nitrogen of milk n he\ s is knon n 
to be dialyzable and to be made uji of nitrogenous constituents other than 
protein Thus, m the human milk ‘-ample collected 1 to 2 days post paitum, 
31 3 per cent of the vhej' nitiogen was found to be dialyzable Tins is 
m agreement with the high non-protem nitiogen \ aluc of 15 to 25 per cent 
reported foi normal human whole milk by \ancu& investigators (8-11) 
Cow’s milk has been reported to ha\e much lower non-piotem nitrogen 
values than human milk (9) 

Colostrum w heys are characterized bv the pi csence of large amounts of 
protems of low' electrophoi etic mobility In these w heys there is also found 
a marked meiease in the amount of the protein component of sedimentation 
constant S;o„. = 6 Bvedberg imits Smith (12) ha'- found that the immune 
globuhns of bovine colostmm which he ha'- separated by fiactionation and 
which correspond to oui Component 1 consist largely of molecular kinetic 
units having a sedimentation constant of S:o.r = 7 Svedberg imits The 
correspondmg immune globulms of our ur fractionated wheys have been 
found to give somewhat low'er sedimentation constants Pedersen (13) 
has reported a normal lactoglobulm of milk to hav e a sedimentation con- 
stant of S 2 (te = 7 0 to 7 4 Svedberg units, although a f i action made up largel) 
of this protein was found to give a somewhat lower value The greater 
part of normal bovine whey protems consists of the lactoglobulm of Palmer 
and the albumm of Kekwack, which have sedimentation constants (s oa) 
equal to approximately 3 and 2 Svedberg units lespectreelj A component 
not show'n m Fig 8 and possessing a sedimentation of S 2 o„. = 20 Sv edberg 
umts makes up approximately 10 per cent of the protems of bovnne colos- 
trum whey So heavy a protein molecule has not been found m the serum 
y-globulms of normal (5) or hypenmmumzed (12) cows However, 
Smith (12) has recognized such a component m the euglobuhn fraction 
of the immune lactoglobulms of bovine milk and colostmm 

The elect! ophoretic patterns of the whev proteins are charactens w 
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of tile species, as is true of the blood serum and plasma proteins (1, 2) 
\lthough some of the mobilities of the electrophoietic constituents of a 
gl^en Mhey agiee inth those of certain plasma constituents of the same 
animal, as deteimined pieviously (1), there seems to be little relation be- 
tneen the plasma and Mhey pioteins from an electrophoretic standpoint 
The laige amounts of protein m the nheys from the first postpartum milk 
samples, which ne have designated Component 1 do, however, possess an 
electiophoretic mobilitv much like that of the immune globulins of the 
blood pla'^ma 

The j^oung of aarious species leceive antibodies from different sources 
The placental structure of humans is essentiallj'^ one cell thick and allou s 
the antibodj' protein to pass from the maternal blood to the young in liter o 
Hon ever, it appeals that young foals, kids, lambs, pigs, and calves acquire 
these proteins fiom the colostrum (14-17) In these animals the placental 
membranes contain three oi moie cell layeis (18) This difference maj 
be reflected m the failure of human uhey to shoM the high level of protein 
Component 1 uhicli is observed m the eaily postpartum wheys of the pig, 
goat, and con 


SUMMA.R1 

The nliey protems of various animals shoi\ marked differences in elec- 
tophoretic composition and, as in the case of the plasma proteins, are 
characteristic for a given species Marked changes in the protein content 
of the milk at vanous times post partum are indicated by changes mthe 
electrophoretic and sedimentation patterns 
The authoi noshes to acknowledge the techmcal assistance of Mr E 
H Hanson, Mrs Alice McGilvery, and Miss M S Morns The helpful 
suggestions of Dr J W Wilhams are greatly appreciated ^’'anous samples 
of milk were leceived through the courtesy of Dr R H Grummer and Dr 
R C Henm The nork n as supported m pait by grants from the Wis- 
consin Alumni Research Foundation and the United States Public Health 
Service 
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LETTERS TO THE EDITORS 


THE PRESENCE OF HIGH /S-GLUCURONIDASE 
ACTIVITY IN CANCER TISSUE* 


Sirs 

jS-Glucuromdase is beheved to function m the “metabohc conjugation” 
of the estrogenic hormones ^ In view of the large amount of experimental 


Disirtbuhon of ^-Glucuronidase in Adenocarcinoma of Breast with Metastases lo 

Axillary Lymph Nodes 


Organ 

Tissue 

No of 
specimens 
studied 

Glucuronidase 

activity* 




untls 

Breast 

Edge of lesion 

1 

450 

tf 

Center of lesion 

1 

890 

r( 

1 

Umnvolved breast 

2 

168, 112 

a 

“ skin over carcinoma 

1 

89 

a 

” fat 

1 

67 

it 

“ muscle 

1 

98 

Right axilla 

Involved lymph nodes 

2 

1960, 3520 

it it 

Umnvolved lymph nodes 

2 

816, 572 

Left “ 

Involved lymph node 

1 

3700 

it it 

Umnvolved lymph nodes 

5 

633, 510, 640, 

365, 645 


On March 28, 1947, a radical resection of the breast and right axilla was performed 
on Mrs C The lymph nodes of the left axilla were removed on April 4 The pres- 
ence or absence of carcinoma was confirmed histologically 

* A unit of /3'glucuronidase is defined as 1 r of phenolphthalein liberated per hour 
per gm of wet tissue from 0 01 ^ phenolphthalein mono-^-glucuromde buffered at pH 
4 5, 0 1 M acetate buffer, at 37 5° 

and chmcal evidence which indicates a rdle of the estrogemc hormones m 
the production of mahgnant growth, the glucuromdase activity of cancerous 
tissues was studied The data m this report are regarded as evidence of 
the mvolvement of /3-gIucuromdase m processes of mahgnant growth 

* Aided by a grant from the Otho S A Sprague Memonal Institute 

> Fishman, W E,J Biol Ghent , 169, 7 (1947) 
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Fresh tissue specimens removed at operation weie divided, one-half was 
fixed in formalin for histological studj and the other half was weighed, 
homogemzed in w'atei, and assayed for /3-ghicuromdase activity Tissues 
excised from malignant neoplasms of vanous organs mcludmg breast, 
uterus, stomach, mesentery, abdommal wall, and esophagus were foimd to 
contam from 100 to 3600 per cent moie glucuromdase activity than the 
umnvolved adjacent tissue Metastases to hunph nodes from cancers ong- 
inatmg m vanous organs mcludmg stomach, hmg, breast, fingei, colon, and 
esophagus hkemse contained /J-glucuronidase m higher concentration thSn 
the uninvoliTcl lymph nodes As an illustration, the table lists the enzymic 
activities of cancerous and non-cancerous portions of the hi east and axillaiy 
lymph nodes lemoved at operation 

In view^ of the evidence* * of a participation of /3-gluciironidase m the 
metabolism of estrogens, the elevated glucuromdase m the tumor tissue may 
be interpreted as a metabolic response to the presence of high concentrations 
of estrogen or some closely related substance Investigations now in prog- 
ress are designed to test this h5Tiothesis 

Departments of Surgery and Biochemistry Williaai H Fishman 

University of Chicago A J AmjTAX 

Chicago 

Recei\ ed for publication. May 2, 1947 


* Fishman, W H , and Fishman, L W , J Biol Chem , 1B2, 487 (1944) 


THE ROLE of biotin IN BICARBONATE UTILIZATION 

BY BACTERIA 


Sirs 

In the piesent stud) of the meclianism by which biotm affects the S 3 ai- 
thesis of aspartate,' oxalacctate has been found capable of piomoting 
gi OM th of L ai abinosus 17-5 on media- deficient m both biotin and aspartic 
acid (Table I) It theiefoie seems liLelv that the biotm-deficient orgamsm 


Tabli, I 


\ olume of media 

Addition to basal medium 

Ml of acic 
in 36 

Low biotinf 
media 

I produced 
hxs • 

[High biotinf 
! media 

Macro, 10 ml 

None 

1 3 

10 0 


Oxalacetate, M/135t 

4 5 

10 0 


1 DL-Aspartate, m/670 

8 5 

10 0 


! None 

0 66 

4 9 

Semimicro, 2 ml j 

Oxalacetate, M/l35t 

2 7 

4 8 


DL Aspartate, m/670 

5 0 

4 9 


* Macro titrated iMth 0 1 N NaOH, semimicro-titrated with 0 04 ^ NaOH 

t Media conta mng 0 05 and 2 0 micromicrograms of biotin per ml respectiveb’’ 

t Sterile solution added aseptically at time of inoculation 

can convert oxaUcetate to aspartate bj tiansammation The extreme 
labihty of oxalacetate may account for the fact that it is not as effective 
as aspaitate in promoting growth on low biotm media Pj'iaixate, suc- 
cmate, fumarate, L-malate, and a-ketoglutarate did not support giowth 

The synthesis of oxalacetate by a numbei of heterotropluc oigamsms 
mvolves the condensation of pyi uvate and COz,^ and Lyman ei al ■* have 
recentlj’’ shovn the necessity of CO; foi the synthesis ot aspartic acid bj 
lactobaciUi Since the lactic acid bactena aie known to produce pymvate 
dunng the fennentation of glucose, it seemed possible that the inability of 
biotin-deficient oigamsms to synthesize aspartate la> in their failure to 

' Koser, S , Wright, M , and Dorfman, A , Proc Soc Exp Biol and Med , 61, 204 
(1942) Stokes, J L , Larsen, A , and Gunness, M , J Biol Chem , 167, 613 (1947) 

* Stokes, J L , Gunness, M , Dwyer, I M , and Caswell, M C , J Biol Chem , 
160, 35 (1945) 

’ Werkman, C , and Wood, H G , Bol Rev , 8, 1 (1942) 

< Lj-man, C M , Moslem , O , Wood, S , Butler, B , and Hale, F , J Biol Chem , 
167, 177 (1947) 
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condense pjmvate and CO2 to produce oxalacetate The data m Table 
II show that bicarbonate ehcits no appreciable growth response m a biotin- 
low medium devoid of aspartic acid, and that bicarbonate greatly stunu- 
lates growth m the presence of biotin 

Table II 


Galvanometer readings* 


Additions to based medium 

Low biotin mediumt 

High biotin mediumt 

12hrs 

18 hrs 

12 hrs 

18 hrs 

None 

89 I 

87 

80 

52 

Bicarbonate, M/270t 

89 ’ 

86 

66 

43 

Oxalacetate, M/270t 

86 

81 

59 

34 

Aspartate, m/670 

82 

72 

66 

31 


* Turbidity was measured with an Evelyn colorimeter and Filter 660, sterile media 
set at 100 The values are the average of triplicate tubes 

t Media containing 0 05 and 2 0 micromicrograms of biotin per ml respectively 
t Stenle solution added aseptically at time of inoculation 

It IS of mterest that, on a high biotin medium, oxaJacetate consistently 
stimulates early growth of L arahmosus above the level obtamed with 
aspartate or aspartate plus bicarbonate 

Department of Biochemistry Hbnbt A Laedt 

College of Agriculture Richard L Potter 

Umversily of Wisconsin C A Elvehieh 

Madison 


Received for pubhcation, April 16, 1947 

















INVOLVEMENT OP BIOTIN IN THE BIOSYNTHESIS 
OF OXALACETIC AND a-KETOGLUTABIC ACIDS 

Sirs 

It has recently been sho^vn that 2-o\o-4-mudazohchnecaproJC acid* pre- 
vents the bios 3 ’n.thesis of biotm in Escherichia coli by competing with 
destluobiotm for the enzyme system which converts desthiobiotin to 
biotm - In the present mvestigation, it has been foimd that the antibac- 
tenal index for this competitive inhibition was increased 3-fold (from about 
100 to 300) by exogenous a-ketoglutanc acid (300 to 1000 y per 5 cc ) ® 
L-CIutamic acid produced a similar effect, but aspartic, succimc, fumanc, 
mahc, and cis-acomtic acids were inactive From our first discussion of 
inhibition analysis,^ it is apparent that substances having a sparmg action 
on the product of the inhibited enzyme system such as to decrease the 
quantity of product necessary for a given amount of growth will cause a 
change in the antibactenal mdex That a-ketoglutanc or glutamic acid 
exerts such a sparmg effect is shoivn on addition of either of the metabohtes 
to the growth medium by the decrease in the quantity of biotin from 0 03 
to 0 003-0 01 7 per 5 cc as the amount necessary to prevent the toxic 
action of 1 mg of the inhibitor per 5 cc of medium Prom these data, 
it appears that the first system affected by decreased biotm synthesis in 
E coll IS the biosynthesis of a-ketoglutanc acid 

Since a-ketoglutanc acid is apparently involved m the b]os5Tithesis of 
aspartic acid in E coli,^ the desthiobiotm analogue and inhibitory aspartic 
acid analogues,"* ® should be synergistic m preventmg growth of E coli 
Such synergism with the desthiobiotm analogue was obtamed both with 
hydroxyaspartic acid m the presence of pantothemc acid and with cysteic 
acid This type of phenomenon suggests two blocked enzyme processes 
in sequence 

Results previously obtamed by Gamson and Eakm® in this laboratory 

* The 2-o\o-4 mudazolidinecaproic acid was supplied by Dr R Duschinsky, the 
7-(3,4-ureylenecyclohexyl)butyric acid by Dr R 0 Roblm, Jr 

* Rogers, L L , and Shive, W , J Biol Chem , 169, 57 (1947) 

’ The testing methods have been previously described (see foot notes 2,4,5) For 
L arabtnosns, aspartic acid was omitted from the basal medium, and biotin was sup- 
plied in concentration beginmng at 0 01 t per 5 cc tt-Ketoglutanc and oxalacetic 
acids were filtered and added aseptically, the latter was added in 5 equal parts at 
intervals during the incubation penod E colt was incubated 17 hours at 37°, L 
arabinosus 24 hours at 30° 

* Shive, W , and Macow, J , J Btol Chem , 162, 451 (1946) 

' Ravel, J M , and Shive, W , J Biol Chem , 166, 407 (1946) 

“ Garrison, L S , and Eakin, R E , unpubhshed data 
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indicate that biotin functions in yeast in the carboxylation of pyruvic acid 
to form o\alacetic acid By analogj one might suppose that biotm also 
functions m the convemion of o\alsuccimc acid to a-ketoglutanc acid 
Further establishing this lelationship of biotm to the synthesis of oxala- 
cetic acid, an inhihiiion a7}alysts of the competitive inhibition of growth of 
Ladobacillvs ardbinosus,^ obtained ith 7-(3,4-iirejdenecyclohe\jd) butjTic 
acid^ displacing biotm, mdicated that the antibactenal index v as approxi- 
mately 30,000 m the absence of aspai tic acid or oxalacetic acid but increased 
to 300,000 in the presence of either metabolite (1 mg pei 5 cc ) Succinic, 
mahc, 01 fumanc acid did not affect the toxicitj of the inhibitor In 
view of the spanng action of aspartic acid on biotm reported for this and 
othei oigamsms," ® it would appeal that the change in antibactenal mde\ 
on addition of oxalacetic acid oi aspartic acid is due to a spanng action on 
the biotm coenzjTne, the fonnation of vliich is pi evented by the biotm 
analogue 

These results tend to beai out the conclusion of Gamson and Eakm' 
that biotm functions m the caiboxylation of pyruvic acid to oxalacetic 
acid 

Btochemtcal Inslituie, Clayton Foundation for Research, Wicliav Shiie 

and the Department of Chemistry Lorene Lare Rogers 

The Unnersity of Texas 
iusttn 

Received for publication, April 16, 1947 

^ Koser, S A , Wright, M H , and Dorfman, A , Proc Soc Exp Biol and Med , 
Bl, 204 (1942) 

' Stokes, J L , Larsen, A , and Gunness, M , J Biol Chem , 167, 613 (1947) 



ITNIDENTIFIED GROWTH FACTORS FOR LACTOBACILLUS 
LACTIS IN REFINED LIVER EXTRACTS^ 


Sirs 

In an attempt to find a micioorgaiusm that might leqmre a rat grond]! 
factor found m livei e\tiacts and certain caseins* and in some foodstuffs, = 
it ■nas noted® that Lactobacillus lacks Dorner,'* ® reqmred the presence of 


Assay of LLD Factor in Liver Extracts in Presence of TJ Factor 


Liver preparation 

Amount of Ii\ er extract 
giving half raaximuin 
growth* 



ms 

Liver Fraction L (Wilson) 


0 6 



mi 

1/60 unit oral liver extract. Company A , 

0 0119 

^ tl ft U i( ti 

B 1 

0 0093 

3 3 units “ “ “ “ 


0 00435 

5 " refined liver extract, Company B I 

0 0025 

2Q it it a i* if 

tt 

0 00034 

2Q it “ it it a 

A 

0 00043 

a *i ** “ 

B 

0 00035 

2^ it t a ti it 

A 

0 00022 


* Defined as equal to a galvanometer reading of 65 on the Evelyn colorimeter, 
Filter 620, when Lactobacillus lacks Dorner is grown for 66 hours at 37°, in a total 
volume of 10 ml of ammo acid basal medium containing 0 5 ml of clarified tomato 
jmce per tube 

two umdentified factors for grow th m an anuno acid basal medium contain- 
mg all the synthetic B -vutamins One factor, present in clarified canned 
tomato jmce (TJ), was also foimd m low amounts m casern and m manj 
other substances, while the second heat-stable factor (LLD) was found in 

* Scientific paper No A 164 Contribution No 2059 of the Marj land Agricultural 
Experiment Station (Department of Poultry Husbandrj ) 

* Cary, C A , Hartman, A M , Dryden, L P , and Likely, G D , Federation Proc , 
6, 128 (1946) 

“ Hartman, A M , Federation Proc , 6, 137 (1946) 

* Shorb, MS,/ Bad , abstract in press 

1 Peterson, W H , and Peterson, il S , Bad Rev , 9, 49 (1945) 

‘ The author is indebted to Dr Morrison Rogosa, Bureau of Dair 3 Industrj , 
Umted States Department of Agriculture, Washington, D C , for this culture Lac- 
tobacillus lacks Dorner is No SOOO of the American Tjpe Culture Collection 
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highest concentrations m the hver extracts active for rat growth, but not 
m casein or casein hydrolysates ® 

Assays for the LLD factor in crude and refined hver extracts of the 
type used foi intramuscular mjection m the treatment of pernicious anemia 
show that the LLD factor is apparently concentrated m the refined extracts 
m almost Imear relationship to the potency of the extracts for effecting re- 
mission of symptoms m pernicious anemia This relationship, as shown 
m the table, suggests that the LLD factor might be the active pnnciple 
m permcious anemia It is known that sjmthetic fohc acid is not the ac- 
tive pnnciple m permcious anemia concentrates ® 

TJ factor is present m vanable amounts m hver extracts, but is generally 
more concentrated m the crude liver extracts than m the refined exi-racts 
"V^Tule the TJ factor may not have any function m the treatment of anemias, 
it may be that both TJ and LLD factors are of fundamental importance, 
since both factors are reqmied together for the growth of L lacks Domer 
The relationship of the LLD and TJ factors to those for other bactena 
and ammals is not clear at present A tlurd factor appears to be synthe- 
sized by L lacks Domer and is found m certam fractions obtained from 
Wilson’s Liver Fraction L Inlubitory substances are present in many 
natural matenals, m some tomato jmce preparations, and hver fractions 
Because of many vanables mfluencmg the growth of L lacks Domer, fur- 
ther work IS needed m the separation of the vanous factors before accurate 
assay methods can be worked out L lacks Domer should be of value in 
the further study of these factors and their relation to anemias 

Deparlment of Poultry Husbandry Mahy S Shobb 

University of Maryland 
College Park, Maryland 

Received for publication, May 13, 1947 


* Frommeyer, W B , Jr , and Spies, T D , Am J Med Sc , 213, 136 (1947) 



THE ANTISTREPTOMYGIN ACTIVITY OF LIPOSITOL* 


Sirs 

In an earlier repoi it was shown that the antibactenal action of strep- 
tom j’^cin on Ebeiihella iyphosa and Staphylococcus aureus was greatly de- 
creased w'hen the bacteria were grown in Difco brain-heart mfusion In a 
continuation of this w'ork it w^as found that a methanol extract of the brain- 
heart infusion contained the stieptomycm-inhibiting factor and that Difco 
heart infusion had no activity In order to study the nature of the factor, 
Difco Casanuno acids medium was used as the base medium It was first 
determined that the vitamin content of Casammo acids medium and even 
added vitamin did not carry the factor Companson of peptone, neo- 
peptone, proteose peptone, peptone 3, tiyptose, tryptone, tiypticase, 
phjdone, and Livei Fraction L indicated that phjdone (a plant peptone) 
was the most active In order to save time a shorter assay method was 
devised at this pomt The modified procedure consisted of adding 2 5 
ml of double strength base medium to a solution of the matenal to be 
assayed m 2 ml of w^ater The final solution was stenlized and cooled 
Streptomycin (0 5 ml ) of the desired concentration and 1 standard drop 
of a 24 hour broth culture of the test orgamsm were then added The 
total volume was 5 ml m all tests and the amount of streptomycm added 
m the tests with E typhosa was 200 umts per ml , or a total of 1000 umts, 
and with S aureus 50 umts per ml , or a total of 250 umts Incubation 
was at 37° for 15 hours The presence or absence of turbidity was used 
as the measure for the presence of the active factor Fmal checks were 
made by plating 1 ml of the solution after the 15 hour mcubation mter- 
val Several different concentrations of the assay matenal were tested 
in order to dete rmin e the minimum amount that gave effective inhibition 
of streptomycin 

The ongmal bram-heart infusion was active at a level of 25 to 50 mg 
A special Difco bram infusion^ gave inhibition at a much lower level 
At this pomt a systematic fractionation of the active substance from 
bram' was undertaken As was expected, aqueous extracts were ac- 

* The authors wish to express their appreciation to the Abbott Laboratories, Eh 
Lilly and Company, Parke, Davis and Company, and The Upjohn Company for a 
grant in support of this work 

^ Wallace, G I , Rhymer, I , Gibson, O , and Shattuck, M , Proc Soc Exp Btol 
Med , eO, 127 (1945) 

’ Difco bram infusion, experimental, S4472 The authors wish to express their 
appreciation to Dr H W Schoenlein and the Difco Laboratories, Inc , for this 
matenal 
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tne To our surpnse, howe\er, ethei lemoved the majoi portion of the 
activity from an acetone-dned brain piepaiation The ether-soluble ma- 
tenal on extraction vnth vater \nelded a fiaction actne at a lei el of 1 mg 
(S aureus) These data suggested that the active substance might be 
hpositol ® The solubihty of the substance in both ethei and v ater and its 
occurrence in brain and in pin tone (partiallj” denied fiom soy bean) 
pointed in this direction Fuithennore the presence in hpositol of an 
inositol-galactose structure suggested the possibiht} of a metabobte- 
antimetabohte relationship inth streptom^'Cln Dr Woolley i erj" kindli 
pronded us mth a sample of soy bean hpositol On testing, this substance 
proved to be active at the extremel}- loii lei^el of 0 001 mg (S aureus) 
In other ivords the antibactenal actintj'- of 50 umts (0 OG mg ) of strep- 
tomycm per ml ivas suppressed bj' 0 0002 mg of hpositol per ml 
The data raise some ^erJ'• interesting questions regardmg the rdle of 
hpositol in nutntion and its relationship to the antibactenal action of 
streptomjmm These problems are being investigated in our laboratones 
at the present time, and the effect of other phosphohpides on streptom}cin 
jS being studied 

Department of Bacteriology Ioxe Rhymer 

G I Wallace 

Diiaston. of Biochemistry, Noyes Laboratory of Chemistry L W Byers 

University of Illinois Herbert E Carter 

Urbana 

Received for publication, April 28, 1947 
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Sirs 


DISTRIBUTION OF LABELED CARBON IN 
SUGAR PROM BARLEY* 


We have lecently piepared ladioactive feugars from barley seedling® 
vluch assimilated C'^0; * It is of impoitance to know the distnbution of 
the labeled carbon m the sugars foimed under these conditions 
Tiio microbiological methods iiere used in the degradation (1) the 
fennentation of the siigais bj”- yeast and (2) by Lactobacillus casei The 
scheme emploved nith the lattei organism is essentially' that used by Wood 
ct al - 

The piimaiy modification in the scheme is the oxidation of the lactic 
acid to caibon dioxide and acetic acid, rather than acetaldehyde, followed 


Source 

Sugar 

Orgamsm 

Carbons 
] 6 

Carbons 

2 5 

Carbons 

3 4 

With roots 

Hydrolyzed sugar 

Yeast 


1 00 

1 96 


Crystalline glucose 

L caset 

0 83 

1 00 

1 60 

Without roots 

Nou-hydrolyzed 

ft tt 

0 41 

1 00 

2 95 


Crystalline glucose 

if ft 

0 68 

1 00 

2 61 


by the conveisiou of the bauum acetate to acetone and thence to iodoform 
All final counts ivete made as BaCOj 
In the yeast fennentation method, the pioceduie i\as identical to that 
depicted aboxe, following the oxidation of the alcohol to acetic acid 
Sugars fiom plants with and without roots iiere investigated, and the 
lesiilts appear to indicate definite differences in isotope distribution In 
two expenments the glucose vas piepaied from sugar extract by' crystalli- 
zation In the tiio other expenments, one sample of sugar was acid-hy- 
drolyzed, nhile the othei Mas used M'lthout further treatment 
The relative activities of the carbons, based on position 2,5 arbitranlv 
assigned equal to 1 00, aie tabulated It mil be noted that mth the meth- 
ods used it IS impossible to distinquish betv'een carbons the analy'sis of 
which occurs m pairs because of the tautomensm of the tnoses formed m 
the primary cleavage of the hexose It is possible that they are not equal, 
and experiments are in pi ogress to determme tins point 

* This paper is based on is ork performed under contract No W-7405 Eng-48 with 
the Atomic Energj’ Commission and the University of California 

' AronoIT, S , Benson, A A , Hassid, W Z , and Calvin, M , Science, in press 
" Wood, H G , Lifson, N , and Lorber, V , J Btol Chem , 169 , 475 (1946) 
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•Assuming that hexoses are formed from tnose phosphates, these results 
indicate that the carbon ^stnbution in the tnoses is not umfoim, and that 
the activity is greatest m the terminal caibon atoms which eventually be- 
come carbons 3 and 4 m the hexose 

Radmlton Laboratory, Deparlmenl of Chemistry, and S Abonoff 

the Division of Plant Nutrition H A Baeker 

University of California _ M Calvin 

Berkeley 

Received for publication, April 25, 1947 



Sirs 


ORNITHINE-CATALYZED UREA FORMATION 
IN LIVER HOMOGENATE=^ 


Heretofore attempts to obtain. s3mthesis of urea from ammoma (and 
carbon dioxide) in ceU-free extracts have been imsuccessful We have 
found the reaction to proceed m giunea pig hver homogenate The foJJov - 
mg IS the reaction mixture which has given the highest yields obtamed so 
far L-oimthme (0 00075 ii), ammoma (0 0025 m), L-glutamate (0 01 m), 
oxalacetate (0 005 m), ATP (0 00025 m), and 0 33 gm of homogemzed 
liver in a final volume of 3 5 ml The following aie typical mcreases in 
urea over the blank observed in 1 hour, m micrograms ormthme -f ammo- 
nia 0, glutamate -f oxalacetate 0, glutamate -f- oxalacetate -f- ormthme 
49, glutamate 4- oxalacetate -k ammoma 105, glutamate -f- oxalacetate 
-k ormthme -k ammoma 317, glutamate -k ocalacetate -k ormthme -k 
ammonia (without ATP) 150 

The buffer solution consisted of 90 paits of the phosphate-salme solution 
of Cohen and Hayano* and 10 parts of 0 13 per cent sodium bicarbonate 
The hver was homogemzed by the method of Potter and Elvehjem ^ The 
reaction was earned out at 38° and pH 7 5 under 5 per cent carbon dioxide 
and either 95 per cent oxygen oi mtrogen 

Urea was determined by two methods the xanthydrol method of Engel 
and Engek or the colonmetnc diacetyl monoxime method of Barker^ before 
and after digestion with urease The two methods gave similar results 

Addition of pyruvate (0 01 to 0 005 m) to the above leaction rmxture 
did not give higher yields of urea The yield was smaller when oxalacetic 
acid was omitted, and greater when fumarate (0 05 m) was substituted for 
it Glutamme was as effective, but not more so than eqmvalent concentra- 
tions of glutamate and ammoma 

Urea formation m any of the above reaction mixtures was completely 
inhibited by anaerobiosis and by 0 0036 m sodium arsenate 

Analyses of the absorption curves of the coloi obtamed with diacetyl 
monoxime after digestion with urease indicated that citmllme and other 
chromogemc matenal were formed durmg the reaction By omittmg ATP 
from the reaction mixture less urea was formed and the total residual 

* Tlus work IS a part of that done under contract with the OfEce of Naval Research, 
United States Navy Department 

^ Cohen, P P , and Hayano, M , J Btol Chem , 16G, 251 (1946) 

* Potter, V R , and Elvehjem, C A , J Biol Chem , 114, 495 (1936) 

’ Engel, M G , and Engel, F L , J” Biol Chem , 167, 535 (1947) 

* Barker, S B , J Btol Chem , 152, 453 (1944) 
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chromogemc matenal after urease digestion (designated as "citniUine” for 
the time bemg) was doubled E-s-pressed in terms of citiulhne standards, 
ormthine plus ammonia ga^ e at 3S°pei 0 33 gm of hvei pei hour, an increase 
in “citrulhne” of 80 7 , ornithine plus ammonia plus glutamate 560 7 , 
glutamate with either ormthine or ammonia omitted 200 7 or less PjTuvate 
Mas as effective and o\alacetate less effective than glutamate 
Anaeiobiosis 01 0 0036 si sodium arsenate inhibited the formation of 
“citrulhne ” Anaeiobiosis also inhibited the conversion of citnilhne to 
luea (the leaction rmvture contained added glutamate and ATP) On the 
other hand 0 0036 si sodium arsenate did not inliibit urea formation from 
citruUine The conversion of citrulhne to ai gimne in rat kidne}' shces is 
completelj inhibited by 0 0036 si arsenate ^ It is difficult to reconcile the 
two observations vnth the viev that conversion of citnilhne to arginine is 
the obhgatory next step m the path to foimation of uiea It would appear 
that m giunea pig hvei homogenate citrulhne may give urea by another 
path as well as via its immediate conversion to argimne 

Wzlham G Kcrckhoff Laboratories of the Biological Sciences Henrt Borsook 
California Inslilnle of Technology Jacob W Dubnoff 

Pasadena 

Received for publication, May 5, 1947 


‘ Borsook, H , and Dubnoff, J W , jr Biol Chem , 141, 717 (1941) 



enzyjmic synthesis op triphosphopyridine 

NUCLEOTIDE IN CELL-FREE EXTRACTS* 

Sirs 

Ivnowledge of the mechanism of synthesis of diphosphopjTidine nucleotide 
and tnphosphopyndine nucleotide is lacking, although the enzymic intei- 
conversion of the tn o substances has been demonstrated ^ 

We have foimd that aqueous extracts of pigeon hvei acetone povdei, 
dial 3 "zed for 3 da 3 ’'S against 0 025 M phosphate buffer, pH 7 4, contain a 
thermolabile enzjane sj'stem capable of the synthesis of TPN vhen ATP 



The reaction mixtures were incubated at 30° for a period indicated by the abscissa 
After incubation the solution was placed in a boiling water bath for 1 minute, cooled, 
neutralized with 2 N KOH, and made up to 2 ml final volume The final concentra- 
tions of each of the components of this system were 0 13 m acetate buffer, pH 5 0 
1 3 X 10~’ SI nicotinamide, 1 3 X 10~“ si D-ribose, 2 X 10“’ m 4TP, and 0 3 ml of 
enzyme solution 

IS added Nicotinamide increases the quantif 5 ’' of TPN sjmthesized and a 
maximum effect is observed mth a system contaming added nicotinamide, 
ATP, and nbose The onginal enzyme solution does not contain TPN or 
DPN Microbiological assay for macin before and after mcubation of the 
enzyme solution mth ATP mdicates that all of the macin ongmal^ present 
can be accounted for by the TPN synthesized 

• Aided in part by grants from the John and Mary R MarJJe Foundation and from 
the Dr Wallace C and Clara A Abbott Memorial Fund of the Umversity of Chicago 

’ von Euler, H , Adler, E , and EriLsen, S , Z physiol Chem , 248, 227 (1937) \ on 

Euler, H , and Adler, E , Z physiol Chem , 262, 41 (1938) Vestin, R , 4r/ Kemi, 
Mineral o Geol , 12B (1938) 
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When the enzjnne solution is dialyzed against veronal buffer, pH 7 5, 
the effect of ATP and the sjmthcsis of TPN can be demonstrated only if 
inorgamc phosphate (0 025 Ji) is added Adenyhc acid can be substituted 
for ATP but mcreased amounts of morganic phosphate are then required 
The synthesis of TPN m phosphate buffer is inhibited by 10~^ m NaCN 
and 10~® M NHjOH (to about 50 per cent) but is not affected by lO** ii 
lodoacetate or 2 X 10~- u NaF 

TPN a as detemnned by use of the system described by Haas,- quantities 
of TPN from 0 0 to 5 0 7 of TPN being deteimined vuth an accuracy of 
±0 1 T The test substances vere prepared as previously described ’ 
Data from a typical experiment are presented m the figure 

Dcparlment of Biochcttnslry Ktjet I Altsiai. 

University of Chicago E A Evans, Jb 

Chicago 

Received for publication, May 16, 1947 


* Haas, E , J Bid Chem , 165, 333 (1944) 

* Altman, K I , J Biol Chcm , 166, 149 (1946) 



SYNERGISM BETWEEN INDOLEACETIC AND NICOTINIC 
ACIDS IN A PLANT GROWTH INHIBITION 

Sns 

Recent investigations' have demonstrated a metaboJic relation between 
trjTitophan and mcotimc acid in vanous animals It has also been claimed 
that indoleacetic acid, a knovm plant metabolite of trj^ptophan,- may be 
pellagragemc m the rat ^ Because of the physiological impoi tance of indole- 
acetic acid as a plant gi ov, th hoimone, it \\ as deemed advisable to investigate 
the possibility of a mcotmic acid-indoleacetic acid interrelationship in 
plants 


Table I 

Growth of Excised Asparagus Stem Tips in Dark, with and without lAA 


Bnration of 
experiment, 
daj’s 

No of tubes 
per treatment 

A\erage total growth, mm per stem tip 

Control 

Plus 1 y per CC lAA 

Plus 10 y per cc lAA 

61 

15 

61 6 ± 7 0* 

45 6 ± 7 4 

7 6 ± 1 5 

29 

10 

34 9 ± 3 9 

17 0 ± 4 7 

6 0 ± 0 86 

41 

10 

30 0 ± 5 7 

8 3 ± 3 1 

1 7 ± 0 14 


* Standard error 


In these experiments, sterile cultures of excised asparagus stem tips were 
used as the experimental matenal Loo^ has shovm that such stem tips 
are capable of potentially unlumted grondih on agar contaming only minerals 
and sucrose Asparagus seeds (variety Mary Waslungton) were suiface- 
stenhzed by HgCL and gemunated in stenle Petn dishes on 1 pei cent 
agar Aftei 2 to 3 weeks, 8 to 10 mm portions of the stem tip weie excised 
and implanted m test-tubes contaimng 5 cc of Loo’s medium The tubes 
were incubated m the dark at 22°, growth in length being measured every 
3 days 

Whereas indoleacetic acid (lAA) tends to stimulate growth m the hght, 
it acts as a potent growth inhibitoi in the daik (Table I) Nicotimc acid 

' Krehl, W A , Sarma, P S , Teply, L J , and Ehehjetn, C A, J Nutr , 31, 85 
(1946) Rosen, F , Huff, J W , and Perlzweig, W A ,J Biol Chem , 163, 343 (1946) 
Sarett, H P , and Goldsmith, G A , / Biol Chem , 167, 293 (1947) Sclweigcrt, B 
S , Pearson, P B , and Wilkemng, M C , Arch Biochem , 12, 139 (1947) Singal, S A , 
Briggs, A P , Sydenstncker, V P , and Littlejohn, J , Federation Proc , 6, 154 (1946) 

= Wildman, S G , Fern, M G , and Bonner, J , Arch Biochem , 13, 131 (1917) 

’ Kodicek, E , Carpenter, K J , and Harris, L J , Lancet, 2, 491 (1946) 

< Loo, S Vf , Am J Bot , 32, 13 (1945), 33, 156 (1946) 
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(NA), itself without marked effect on gion-th rate m the light or dark, 
\nll greatly enhance the inhibitory efiect of lAaV m the dark when the latter 
IS supphed at a concentiation of 1 7 per cc (Table II) Ko additional 
grow th inhibition is produced by NA w hen lAA is supphed at 10 7 per cc 


Table II 

Effect of ?iicottmc •Icid upon Indolcacctic Acid-Induced Growth Inhibition 


Duration 
of expen 
ment 
daj’s 

I 

No of tubes 
per 

treatment 

A\ crage total growth, mm per stem tip 

Control 

P1usNA(0S7 
per cc ) j 

Plus IAA(1 y 1 
per cc ) j 

PlusNACO 5 7 per 
cc ) + 1AA(1 7 
percc ) 

70 

10 

44 5 ± 4 3* 

44 7 ± 9 4 

40 9 ± 9 1 

2S 4 ± 5 8 

67 

10 

50 7 ± 9 1 

51 7 ± 8 9 

40 3 ± 7 0 

23 8 ± 7 S 

37 

10 

15 3 ± 6 1 

15 1 ± 4 4 

2 3 ± 0 5 

0 88 ± 0 09 


* Standard error 


It therefore seems probable that NA is involved m the giowdh-regulatorj 
effects produced m the plant by lAA, either b}'^ bemg metabohzed to an 
lAA piecui’soi 01 by paiticipation in some mteimediarj’’ reaction necessan' 
foi lAA activity 

Experiments are now in progiess to deteimine whethei NA ma}’^ similarl} 
enhance the stimulatoiy effect of lAA m hght-grown asparagus stem tips 

Osborn Botanical Laboratory Aktetor W Gclston 

Yale University 
New Haven 


Received for publication, May 14, 1947 
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Optical items aie pioduced in Cenco’s optical 
shop with speed and precision under expert 
siiper\ ision Facilities are available for fus- 
ing, gnnding and polishmg special cells, 
optical flats, windows, interference plates, 
simple pnsms, wedges, mirrors, and for pro- 
ducmg optically polished surfaces on matenals such as plastics, stainless steel, 
“PjTex” brand and other similar glasses 

In the absorption cells manufactured by Cenco foi use with the Cenco “Pho- 
telometer” and “Spectrophotelometer” and other filter photometers and 
spectrophotometers the parallel-sided wmdows are permanent^ fuse , gioun 
and polished flat within a few w^avelengths of hght The photogra^ above 
show's several Cenco absorption cells df regular and special t^es lej are 
mteresting examples of what is possible in makmg all-glass ce s wit use in 
optically polished glass windows An opportumty to discuss or quote on 
your special optical-apparatus needs which require precision gnn ng an 
polishing is invited 


CENTRAL SCIENTt F I ? COM P A’N Y 

Scientific . Tv ' 

1700 IRVING PARK ROAD, CHICAGO 13 ■- 

NEW YORK lOSTON SAN FRANCISCO NEWARK LOS ANGEIES TOR»N 
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By 

William N Bispham, MD, 

Colonel, U S Army Medical Corps, rtUni 

A clinical treatise designed to fill the 
great and urgent need for sound, reliable and 
up to date information with regard to all 
clinical aspects of the malaria proTilcm 
In addition to his own knowlege and ei 
pcriencc of the subject, Col Bispham has had 
access to much recent material and the c^ 
operation of a number of experts Mach ad 
ditional information on this universal disease 
IS set forth 
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a Pi*oduet of Merck Research 



Merck research has been directly responsible 
for many important contributions to the syn 
thesis, development, and large-scale produc 
tion of mdividnal yitanun factors m pure form. 

In a number of instances, the pure vita min s 
may be considered to be direct products of 
Merck research Several %vere either ongmally 


syndiesized in The Merck Research Labora 
tones, or synthesized by Merck chemists and 
collaborators in associated laboratones 
Pure Biotin, the total synthesis of tvhich 
was accomplished m The Merck Research 
Laboratones, is commercially available in 
limited quantities for mvesUgative purposes 
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Making industrial solvents safe 

The manysided problem of mtoxication due to solvents is 
brought nearer its solution with the publication of an Ameri- 
can translation of a standard work on the subject 

TOXICOLOGY AND HYGIENE 
OF INDUSTRIAL SOLVENTS 


Edited by K. B. LEHMANN and F. FLURY 

University of Wlirzburg, Germany 

Translated by HENRY F. SMYTH, jR , Senior Industrial Fellow, 
in association with Eleanor King, 

Mellon Institute of Industrial Research, University of Pittsburgh 

It provides toxicological data and systematic conclusions that hith- 
erto were available to only a few men m this country As a comprehen 
sive assembly of information ready for use “it fulfills the requirements of 
mobilization of knowledge,” as John H Foulger (Haskell Laboratory of 
Industnal Research) states in the forew'ord to the American translation 
Predormnantly a medical book, it is written however not only for 
physicians but for anyone who has any contact witli industrial solvents 
Experimental investigations together with the medical literature on 
solvents form the nucleus of the book They include studies of the hydro 
carbons of the benzine and benzol series, the important chlorinated hydro 
carbons, the alcohols, esters and related materials, the gbrnol group and 
other solvents 

About 150 individual solvents arc presented in systematic fashion 
Data such as formula, boiling point, specific gravity, flashpoint, solubilitj'i 
volatility, odor are followed by pointed statements as to industrial appli- 
cation, general character of effect, local effect, absorptive effect, animal 
experiments, observation on humans (acute and chronic poisomng), mdus 
tnal poisoning, prevention, treatment 


Subjects featured in special chapters 

Chemistry, technology and use of solvents 
Chemical analysis of solvents 

General remarks on the industrial hygiene of solvents 
General toxicology of solvents 
Skin injuries 

Health hazards and health protection 


380 pages 
45 Bgares 

$5 00 


Published in the pubhc interest by authority of the Ahen Property Ousted 

The Williams & Wilkins Company, Baltimore 2, Maryls® 
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tory ” — American Journal of Clinical Pathology 
“Staining methods, tissue reactions, nature of differ- 
ential cellular structures, demonstration of enzymes, 
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specimens and much other related material are para- 
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of on the book shelf ” — Amencan Journal of Medical 
Technology 
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FOURTH EDITION 
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are clear and meticuously accurate, the scope of the subject matter is exceptionally 
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able ” — Journal of the AM A 
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SUGGESTIONS TO AUTHORS 


The following suggestions are offered to authors for the preparation of manuscnpts 

1 Manuscnpts should be carefully typed, triple spaced throughout, and only the 
original typewritten copy should be submitted Foot notes, tables, and other inserts 
should be typed separately and numbered consecutively The forms of spelling and 
abbreviations used in current issues of this Journal should be employed and for chemical 
terms the usage of the American Chemical Society should be folloived Unusual abbre 
■nations or symbols should be avoided 

2 The title of the paper should be as short as is compatible a ith a clear indication 
of the subject matter Chemical formulas should not be included in the title 


3 The introduction should contain a clear statement of the purpose of the mvesti 
gation and its relation to other a ork in the same field, but long reviews must be avoided 

4 The experimental description must be brief and clear When published procedures 
have been employed, these should not be described but should be defined by citation of 
the onginal publications 

6 Reference in the text to chemical compounds should be made by name and not by 
formula The use of structural formulas which require special type or take up much 
space should be avoided 


6 Only in exceptional cases, the urgency of which must be clearly demonstrated, can 
the same data be published in two forms such as a table and a line figure 

7 On the line figures, reference points along the coordinates should be sufiicientlj he 
quent to permit accurate estimation of the numerical values of indicated experimental 
points 

8 Tables should not contain unnecessary columns in which the values are readily de 
ducible from data in the same table Every table and every column should be supplied 
with an appropriate heading 


9 Discussions must be brief and restricted to the sigmficance of the results of the in 
vestigation Unsupported hypothesis should be avoiaed 

10 Every paper should end ■with a brief, logical summary in which the points proved 
by the investigation are outlined 


11 The bibliography should conform to the style used in current issues of this Journ^ 
the author’s name, imtials, abbreviation of journal, volume, page, and year, m tne 
case of books, the title in full, ■with the place and year of publication, and page All 
bibliographic references should be checi ed with the original publications 


12 The preparation of illustrations, charts, and graphs is particularly importan^ 
and authors are requested to follow very carefully the directions given belou m 

of doubt, the Editorial Office will gladly supply specific information _ . 

Charts should be planned so as to eliminate waste space, they should be ruled on cm 
to the area of the curves, and descriptive matter should not extend beyond the ' 
they should be so prepared that they will not be more than 4 inches wide, wRh no ic 
or figure less than 2 mm high, after reduction to page size Original line drawing 
white dra^wing board, blue tracing cloth, or coordinate paper printed in blue 
used Typewritten charts are not desirable, as they permit but slight reduction o' i 
black India ink should be used for dra^wing and lettering When the subject matm^^ 
qmres half-tone reproduction, the photographs submitted should be printed on w 

glossy paper ihf miatnal 

If illustrations are larger than manuscript sheet size, small prints, as well as me y 
drawings, should be submitted with the manuscript for the convemence of the lidit 

13 Before a manuscript is submitted to the Editors, it should be carefully c^eohed^ 
the spelling of proper names and the correctness of analytical data, as well as s 

in tables or in the text, should be carefully verified by the author 

14 Any but minor changes from the manuscript which are made in proof will e 

to the author 



THE IMETABOLISM OF ACETYLAMINO ACIDS'^ 

KONRAD BLOCHt and D RITTENBERG 

(From the Department of Biochemistry, College of Physicians and Surgeons, 
Colunibia University, New Yorl) 

(Recened for publication, March 21, 1947) 

The feeding to an ammal of vanous amines, e g a:-ammo-7-phenylbutync 
acid, p-ammobenzoic acid, or sulfamlamide, results m the excretion of their 
X-acetyl denvatives The role which the acetylation leaction plays m the 
amination of keto acids has been extensively discussed b}"- Knoop ( 1 ) and by 
du Vigneaud el al ( 2 , 3 ) Much e\ idence concernmg the sources of acetyl 
groups m biological acet3dations has been secured duimg recent years 
Tu 0 mdependent mechanisms of acet3dation, one mvoh mg acetic acid and 
one in\ olvmg pyiuvic acid, have been demonstiated ( 4 - 6 ) These mvesti- 
gations hat e been facihtated by the mabihty of ammal tissues to metabolize 
the acet3d derivatives of vanous ammo compounds (here referred to as “for- 
eign ammes”) alien to noimal physiology p-Armnobenzoic acid, m ab- 
normal laige doses, behaves as a foreign amme m that it is excreted m the 
form of its acetyl derivative 

Though the presence of acetyl denvatives of natiual ammo acids cannot 
uell be demonstrated, as these compounds are iapidl3’ metabolized, the 
findmg, recentl3’^ reported fiom this laboratory ( 7 ), that irleucme and n- 
phenylalanmc are acetylated by acetic acid m the presence of lat hvei 
shces mdicates that acetylation may constitute a normal process in the 
metabolism of natural ammo acids 

The piesent mvestigation u as designed to obtam more information on the 
metabohe behavior of the acetyl denvatives of natural ammo acids For 
this purpose, the deuterioacet3d denvatives of a numbei of ammo acids 
were prepared and fed to rats If these compounds underu ent deacetyla- 
tion m vv'O, the libeiation of acetic acid or acetyl should become evident b3' 
foi matron of the isotopic acetyl denvatives of foreign ammes Indeed, 
addition to the diet of rats of the labeled acetyl denvatives of glycine, l- 
alanme, L-glutamic acid, and n-leucme, m conjunction mth either p-ammo- 
benzoic acid or a-amino-y-phen3dbut3uic acid, led to the excretion of labeled 

* Presented fn part at the meeting of the American Societj of Biological Chemists 
at Atlantic City, March, 1946 

Supported by grants from the Josiah Macy, Jr , Foundation and the Nutrition 
Foundation, Inc 

t Present address. Institute of Radiobiology and Biophjsics, Umversity of Chi- 
cago 
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acetyl However, the isotope levels m the excreted acetyl products dif 
fered markedly, dependmg on the type of foreign amine administered, much 
higher isotope concentrations v ere fovmd in the acetjd group of the a-amino 
7 -phenylbutyric acid than m that of the p-acetylammobenzoic acid 
TJndei identical conditions, the deutenoacetyl denvatives of D-alanme, 
D-leucme, and of sarcosme failed to give use to the excretion of isotopic 
acetyl groups e-N-Deutenoacetyll 3 ’^sme, though a source of labeled acetyl, 
showed a behavior different from that of a-N-acetylammo acids 

EXPERIMENTAL 

Preparation of Deutenoacetylaminn Acids — mixture of 0 1 mole of an- 
hydrous sodium deutenoacetate with 0 1 mole of p-toluenesulfonyl chlonde 
was heated at 220° (8) The deutenoacetic anhydnde which distilled was 
used directly for acetjdatiou 

The ammo acids w eie dissolved in 2 eqmvalents of NaOH and 1 equiva 
lent each of deutenoacetic anhj’^dnde and of NaOH was giadually added to 
the ice-cooled solution with stirring Stirnng v as contmued for 20 mm 
utes, when the solution was filtered and acidified with dilute H 2 SO 1 The 
acetyl derivatives were leciystalhzed from water, except m the case 
of acetylalanme and acetydsaicosme with wduch the solvents used for re- 
ciystallization w'ere ethyl acetate and acetone respectively e-N-Acetyl-ii- 
lysme was piepared bj'' the method of Neuberger and Sanger (9) The 
deutenoacetic anhy^dride contamed 60 0 atom pei cent deuterium m all 
cases except in that employ^ed for the preparation of acetydtysme for which 
the value wms 27 0 atom per cent The analvtical values of the acetyl com 
pounds are given m Table I The calculated nitrogen values for the com 
pounds aie collected for the deuterium content of the acetyl gioup 

Feeding Expenrnenis — Male white lats wmighmg about 200 gm w'ere kept 
on a normal stock diet to winch w as added the neutrahzed solution of the 
acetjdammo acid and either p-ammoloenzoic acid or a-ammo-i-phenyl- 
butync acid The quantities of test substances adnunistered are indicated 
m Tables II to IV The isolation from the urme of p-acetylaminobenzoic 
acid was earned out as described before (6) 

In one of the experiments m which the animals received 0 8 mM per ItK) 
gm of acetylglycme, cholesterol isolated from carcasses was found to con 
tarn 0 13 atom per cent excess deuterium This compares with a value 0 U 
per cent after the admmistration of an equivalent amount of deutenoacetic 
acid for the same period of tune Acetylglycme is thus as effective a pre- 
cursor for cholesterol as is acetate 

One of the pieparations of acetylglycme contamed 2 31 atom per cen 
when this was fed with f-a-ammo-y-phenylbutync acid, the 
concentration m the excreted a-acetylammo-y-phenylbutyric acid w as 0 
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atom per cent ^Vlle^. the same experiment n as repeated n ith d-ammo- 

phenylbutync acid instead of the I isomer, the excreted acetyl denvative 
contained 0 055 atom pei cent excess These values aie so low as to 
indicate little oi no diiect utilization of glycine mtiogen Duiong the con- 
veision of the d to the I isomer, the mtermediate keto acid is ammated, some 
of the mtiogen aiismg fiom the labeled gb^cme fed For this reason the 
concentration m the Q:-acet3dammo-Y-phenylbutyric acid is higher after 
admmistration of the d isomer than after the I isomer 


Table I 

Analytical Constants of Acelylamino Acids 


Compound 

N (Kjeldahl) 

M p 

Wd 




per cent 

per cent 

°c 

degrees 

Acetylglycine 

11 6 

11 6 

208-209 


Acetjl-L-leucine 

8 1 

7 9 

189-190 

, -22 5 (2% in ah- 
^ solute ethanol) 

Acetyl-n leucine 

8 1 

8 0 

190 

+24 (1% in absolute 
ethanol) 

Acetyl-L-glutamic acid 

7 4 

7 2 

201 

+4 7 (2% in N 

NaOH) 

Acetyl-L-alanine 

10 5 

10 3 

130-132 

-60 2 (1% in HjO) 

Acetyl-D-alanine 

10 5 

10 4 

131-132 

+63 4 (1% “ “ ) 

Acetylsarcosine 

10 5 

10 4 

138 

. 

e-N-Acetyl-L-lj sine 

* 

* 

249-250 

(Decomposition) 

+4 0 (4% ” “ ) 


* N (Dumas), theory 14 9, found 14 8 NH-.-N (Van Slyke) theory 7 4, found 7 4 


IVhen acetyl-D-leucine v as tested as a soui ce of acetyl m conjunction mth 
a-amino-y-phenylbutyric acid, the acetylamino acid fraction from the unne 
required five recij’^stallizations from water befoie ?-a-acet 3 ''lainmo- 7 -phen 3 1 - 
butyric acid with the correct melting pomt was obtamed Apparent^ 
acetyl-D-leiicme had been excreted unchanged, but it could not be isolated 
in puie form 

Reaction of Diacetyldiketopipei azine imth ir-Leiicine and Deidenoacetate— 
Diketopiperazme vas prepared by the method of Fischer (10) and con- 
verted to the diacet 3 d derivative accordmg to Franchimont and Friedmann 
( 11 ) 

To an ice-cooled solution of 0 69 gm (5 2 mM) of L-leucme and of 0 100 
gm of sodium acetate (54 0 atom per cent deuterium) m 2 65 ml of 2 l 
IN' aOH vas added 0 50 gm (2 6 dom) of diacetyldiketopiperazme The 
ddcetopiperazme which soon precipitated vas filtered off and the filtrate 







470 


METABOLISM OP ACETTLAMINO ACIDS 


made acid to Congo red The acid solution on prolonged extraction with 
ether yielded acetyl-L-leucme, mp 191°, N (Kjeldahl), calculated 81, 
found 8 0 The pi oduct contamed no significant excess of deuteniun (0 010 
pel cent) 


DISCUSSION 

From detailed analysis of the acetylation reaction, earned out m this 
laboratory, it was concluded that either acetic acid or a functional dem a- 
tive of acetic acid serves as the principal source of acetyl m the acetylation 
of both aromatic ammes and foreign ammo acids m the rat (6) The simul- 
taneous feedmg of deuterioacetate and either p-ammobenzoic acid or a- 
ammo- 7 -phenylbutyric acid leads to the excretion of acetyl derivatives 
V hose isotope concentration is a function of the quantity of labeled acetic 
acid added to the diet The data obtamed conform noth the equation 

Amount of acetate fed per 100 gm rat weight _ ^ 

Atom % excess D in excreted acetyl group 


This proportionality was taken to mdicate the mergmg of labeled dietarj' 
acetate wuth relatively large quantities of endogenous acetic acid ansmg m 
mtermediarj’’ metabolism, the resultant mixture bemg the immediate source 
of acetyl m the acetylation of foreign ammes If an acetylamino acid such 
as acetylglycme is rapidly hydrolyzed to yield acetic acid, its admmistration 
should result m the excretion of N-acetyl derivatives which have the same 
isotope concentration as those obtamed after the feedmg of an equivalent 
quantity of deutenoacetic acid This is indeed the case w'hen p-ammoben 
ZOIC acid IS admmistered (Table II) Moreover, as m the case of deuteno 
acetate, variation of the dosage of labeled acetjdglycme is follow ed by a 
proportional change m the isotope concentration of the acetyl group of 
acetyl-p-ammobenzoic acid, m accordance with equation (1) (Fig 1) The 
similar ity of the results obtamed with acetic acid and with acetylglyciue 
suggests that the process by which acetylglycme furnishes acetyl groups 
for p-ammobenzoic acid mvolves hydrolysis as an mtennediate step anu 
acetylation of the foreign amme by the mixture of isotopic and the non 


isotopic endogenous acetic acid 

On the other hand, w^hen a-ammo-Y-phenylbutyric acid w as administere 
with acetylglycme as the source of the acetyl group, the resultant acety - 
ammophenylbutync acid had an isotope lex el of a different order of migui 
tude (Table II) Dependmg on the quantity of acetylglycme added tot e 
diet, the excreted acetyl compound contamed 5 to 20 tunes as much 
tenum as is the case after the feeding of eqmvalent amoimts of deu eno- 
acetate The type of curve obtamed on plottmg the quantity of 
acetylglycme fed per 100 gm of rat weight against the isotope concen ra i 
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Table II 

Atom Per Cent Deuterium m Acetyl Groups of Excreted Acetylamino Acids after Feeding 
of Deutcrioacetylglycine and Deutenoacetate 
Calculated for 100 atom per cent deuterium in acetate and in the acetyl group 
of acetylglycine Aminophenylbutync acid and p-aminobenzoic acid were fed in 



Fig 1 Isotope concentrations in excreted acetxl group 

of the acetyl group of the acetylanuuophenjlbutjiic acid is markedh dif- 
ferent flora the linear relationship shoim in the acetylation of the tii o t\ pes 
of foreign amines bj deutenoacetate and also from the similar cun e 
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obtained from the data on the acetylation of p-ammobenzoic acid by acetyl- 
glycme (Fig 1) The isotope le\el m excreted acetyl does not increase 
proportionally mth increasmg dosage 

If hydrolysis to acetic acid had been the mtervemng step, acetylammo- 
phenylbutyiic acid should ha\ e contained an isotope concentration not ev 
ceedmg that affoided by deutenoacetate, as m the acetylation of p-amino- 
benzoic acid The much liighei isotope level actually observed suggests 
that a different process of acetylation was responsible and that the acetyl 
group of acetylglycme undeni ent little dilution by endogenous acetic acid 
pnor to its utihzation m the acetylation of the a-ammO' 7 -phenylbutync 
acid If hydrolysis to acetic acid and glycme is excluded as an interme- 
diary step, it becomes necessary to ascribe the obsen^ed process to a direct 
transfer of acetyl groups from one ammo acid, glycme, to another, a-ammo- 
7 -phenylbutyric acid, in the sense that durmg the process of acetylation 
acetyl ansmg from the donor acetjdammo acid did not pass through the 
stage of acetic acid or acetate ion 

There is other evidence to support the view that a diiect transfer of acetyl 
groups IS mvolved In experiments m which labeled acetate v as tested as 
a source of acetyl for either aromatic ammes or foreign a-ammo acids, the 
amount of foreign amme administered to the animal did not affect the iso- 
tope level of excreted acetyl (6) This v as ascnbed to the availability in 
the animal tissues of quantities of acetic acid which are alvays gieatly m 
excess of those requiied to acetylate the foreign amme mgested by the ani- 
mal In the transfei reaction, the amount of foreign amine acet 3 dated by 
this process should be limited by the amount of available acetyl donor 
"When the amount of foieign amme is large compared to that of acetjdgly- 
cme, only a fraction of the foimer can recen e its acetyl group by transfer 
and the isotopic level v ould be low Conversely^ reduction of the dosage 
of a-ammo-y-phenylbutync acid should result m an elei ation of the isotope 
level of excreted acetyl The data m Table III and the dotted poition of 
Curve I m Fig 1, which represents the effect of a reduced dosage of foreign 
amme at a constant level of acetylglycme, shoiv this to be the case 

Acetylglycme, m contrast to acetic acid, affords markedly different 
isotope values m the acetyl gioups of the two different types of foieign 
ammes The character of the amine appears to determme whether or not 
acetyl transfer takes place We have previously found that the mechanism 
of acetylation which utilizes pyruvic acid as a source of acetyl is operatn e 
with the type of amme repiesented by a-amino-y-phenylbutync acid bu 
not wnth sulfanilamide or p-ammobenzoic acid (6) The failure of pyruvic 
acid to provide acetyl groups for aromatic ammes wms ascribed to a 
w^hich requued either a keto acid or an immo acid as reactant, compoun 
w^hich cannot arise fiom ammes m which the nitrogen atom is attache 
an aromatic nucleus On the other hand, good evidence exists that bot 
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corresponding immo and keto acids are formed biologically from a-aimno-y- 
phenylbutyric acid It would not be mconsistent ■«ntb the analytical data 
to assume that acetyl transfer forms an mtermediate step m the process of 
acetylation which utilises pyruvic acid Pyruvic acid could condense with 
an immo acid to jueld, after decarboxylation, an acetylammo compound 
which subsequently transferied the acetyl group to a-ammo-y-phenylbuty- 
nc acid 

In the reaction which effects the formation of an acetylammo acid by 
acetyl transfei , a simultaneous shift of ammo acid mtrogen does not seem 
to take place We have admimstered acetylglycme v hich contained iso- 
topic mtrogen in conjimction vath both stereoisomeis of a-ammo-y-phenyl- 
butyric acid The excreted acetyl denvatives contamed so small an excess 

Table III 

Effect of Varying Dosage of a Amino y-phenylbuiync Acid on Isotope Concentration 

of Excreted Acetyl Groups 


Calculated for 100 atom per cent deuterium in the acetyl group of administered 
acetylglycme 


mu administered per 100 gm rat weight 

Atom per cent deuterium m acetyl 
group of ercreted acetylammo 
phenylbuljric acid 

a Amino-y phcnylbutyric acid 

Deuterioacetylglycine 

0 4 

0 1 

3 7, 4 0 

0 1 

0 1 

9 3, 10 6 

0 4 

0 4 

12 7, 14 8 

0 1 

0 4 

26 0, 27 5 


of as to exclude a simultaneous transfei of mtiogen fiom acet5dgl3’^cme 
In the case of d-a-ammo-y-phenjdbutjTic acid, v hich v as converted to the 
acetyl denvative of the I acid, presumablj' bj" waj' of the keto acid, anj^ 
utilization of glycme mtrogen foi the reammation of the keto acid should 
have been readily detectable 

The findmgs, which are most readify explamed as resultmg fiom a transfer 
reaction, have been obtamed largeW uuth acetjdglj’^cme as the test sub- 
stance The labeled acetyl denvatives of L-alanme, n-leucme, and n-glu- 
tamic acid approached acetylglycme uith respect to their ability to afford 
higher isotope concentrations m the acetyl group of a-acetylammo-y- 
phenylbutyric acid than ivould result from eqmvalent quantities of dcu- 
terioacetate (Table IV) Two pathwaj^s of metabolism probablj exist foi 
the acetylammo acids, acetyl tiansfer and hj'^droljsis to acetic acid The 
quantitatii e differences shown bj^ the lanoiis acetylammo acids m the 
transfer reaction maj’’ be the result of differences m hj droh tic rates m com- 
petition ivith acetyl transfer 

Acetyl-n-leucme and acetyl-n-alamne failed to jield deutenoacetyl 
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to a-ammo-7-plienylbutync acid Some acetyl-D-leucme apparently was 
elunmated uncbanged m the nrme The present findmgs are m accord 
with the earty observations bj’' Knoop (1) and dii Vigneaud and Irish (2) 
that the acetyl derivative of D-phenylalamne is metabohcally inert This 
seems to be true also for the d isomer of the non-essential ammo acid 
alanme 

As a representative ammo acid denvative m which the acetyl group is not 
attached to the a-ammo group, e-N-acetyllysme was chosen for study The 
compound juelded acetyl for the acetylation of a-aimno-y-phenylbut3Tic 

acid but onlj' to the same extent as w ould have resulted from the feedmg 

# 

Table IV 

Atom Per Cent Deuterium in Aeclyl Groups of Acelyl-p-aminohemoic Acid and Acelyl- 
aminophenylbulyric Acid after Feeding of Labeled Acelylamino Acids 
Calculated for 100 atom per cent deuterium m the acetjl group of the adminis 
tered acetyl ammo acid All acetylamino acids were fed in quantities corresponding 
to 0 8 mu per 100 gm of rat weight The animals received 0 4 mu per 100 gm of 
aminophenylbutyric acid 


Acetjlanuno acid ! 

Acebl ETonp of 
acet> lanunopheuyl- 
bnUTic acid 

Acetjl gioup of 
acetyl f aminobenzoic 
acid 

Acetate 

3 6 

4 5 

Acetylglycme 

28 0 

4 4 

Acetyl-L-alanme 

15 4 


Acetyl -D-alamne 

0 97 


Acetyl-L-glutamic acid 

17 3 

1 

Acetyl-L-leucine 

13 0 

i 

Acetyl-n-leucme 

0 2 


Acetylsarcosme 

0 3 

0 2 

e-N -Acetyl-L-lysine 

4 9 

' 


of an equivalent amoimt of deutenoacetate Hydrolysis to tysme and 
acetic acid was piobably the mtermediate step Neuberger and Sanger 
(9), who found eN-acetyllysme to be nutntionall3’^ equivalent to lysme for 
giowmg rats, concluded that free tysme was regenerated from this aceti'l 
derivative Interestmgly, the a-N-acet3d derivative of the same ammo 
acid IS mcapable of supportmg the growi,h of rats on a lysme-deficient diet 
Acetylsarcosme was entirely meffective as a source of acetyl for either 
type of foreign amme Acetylsarcosme, m contrast to sarcosme which is 
knowm to be leadily demethylated to glycme (12, 13), appears to be meta- 


bohcally mert 

The data obtamed m the present mvestigation indicate that the a- - 
acetyl derivatives of those ammo acids which are normal constitu^ts o 
protems provide acetyl groups for the acetylation of a-ammo-y-pheni 
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butjTic acid by means of a piocess whicb does not mvolve the intermediaiy 
formation of acetic acid In the course of the reaction, the isotope con- 
centration of the acetylanuno acid undergoes but httle dilution, suggestmg 
a direct transfei or shift of acetyl groups from one ammo acid to another 
Acetyl compoimds derived from the ammo acids of unnatuial stenc con- 
figuration are metabohcally inert Only a-ammo acids, but not aromatic 
amines, can accept acetyl groups by transfer The existence of a mechan- 
ism nliich specifically mvolves the acyl denvatives of naturally occurrmg 
amino acids lends further support to the view that acetylanuno acids partici- 
pate m the intermediarj’’ metabolism of ammo acids 

Acetyl shift or acjl migration, either mtermolecular or mtramolecular, 
has been observed m a number of orgamc chemical reactions In viiro 
model experiments which bear closely on the present biological observ ations 
aie those descnbed by Bergmann, du Vigneaud, and Zervas (14) on acetyl 
migration from diacetjddiketopiperazme to free ammo acids We have 
earned out an expeiiment analogous to that of Bergmann el al by adding 
diacetyldiketopiperazme to an alkahne solution contammg leueme and 
deutenoacetate Diketopiperazme and aCetj^Ueueme aie formed As the 
acetylammo acid contamed no excess of deutenum, acetylation must have 
taken place vithout participation of acetate ion The compounds which 
in vitro act as donors in the transfer reaction have acetyl groups attached to 
mtrogen atoms Imked to other acyl groups It is possible that m the bio- 
logical transfer of acetyl groups the acetylammo acid enters into linkages, 
such as peptide bonds, which v ould lead to similar activation 

SU&tMARI 

1 The deuterioacetyl denvatives of glycme, l- and n-alanme, l- and n- 
leucme, E-glutanuc acid, sarcosme, and €-N-acetyl-E-lysme have been pre- 
pared 

2 The simultaneous admmistration to rats of acetyl-L-ammo acids con- 
tammg a labeled acetyl group, together with a-ammo-7-phenylbutync acid, 
led to the excretion m the urme of acetylammophenylbutync acid n Inch 
contamed a much higher isotope concentration than would hai e resulted 
from an eqmvalent quantity of deutenoacetic acid This n as not the case 
when p-ammobenzoic acid nas the foreign amme It is suggested that 
transfer of acetyl groups between two a-ammo acids may take place '■ 

3 The acetyl denvatives of the tno unnatural ammo acids tested arc 
metabohcally mert e-N-Acetyl-L-lysme yields acetyl but apparently not 
by direct transfer 
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THE FORMATION, RESOLUTION, AND OPTICAL PROPERTIES 
OF THE DIASTEREOISOMERIC SULFOXIDES 
DERR^ED FROM l-METHIONINE 

B\ THEODORE F LA VINE 

{From the Lanlcnau Hospital Research Institute and the Institute for Cancer 
Research, Philadelphia) 

(RGcei\ ed for publication, March. 26, 1947) 

Toeniues and Kolb (9) piepared 7 -methy]sulfinyl-Q;-aminobutyric acid 
(referred to hereaftei as methionine sulfoxide) by oxidation of DL-methio- 
mne with hydrogen peroxide and called attention to the fact that the 
resolution of the foui stereoisomers that comprised this product should 
be of interest because of possible metabolic sigmficance These authors 
also desenbed the preparation of a crystalhne picrate and later (unpublished 
work) found that the relatively low juelds (about 58 per cent) were oc- 
casioned by a rather sharp separation into soluble and insoluble fractions, 
both of which yielded optically inactive matenal If the first piefi-x 
denotes the configuration of the asymmetric carbon atom and the second 
^ prefix that of the sulfoxide gioup, the one fraction evidentlj’’ consisted of 
.^n equimolar mixture of L-methiomne Z-sulfoxide and D-methionine d- 
sulfoxide and the other of a mixture of L-methiomne d-suFoxide and d- 
methionme Z-sulfoxide The sulfoxide isolated from the less soluble 
picrate decomposed at 233-234° and the sulfoxide from the moie soluble 
picrate decomposed at 234-235° mth much foaming, while the original 
mixture of the four stereoisomers melted with decomposition at 225-230° 
The present paper describes the oxidation of L-methiomne by several 
agents including iodine, lodme in the presence of mercuric chloride (i e 
hypoiodous acid), lodate, and hydrogen peroxide Analytical evidence 
based on oxygen consumption and reduction values indicated that the 
product in each instance v as methionine suFoxide However, discrepan- 
cies appeared in the decomposition points and optical rotations of the 
products and it vas necessary to isolate and identifj’^ the sulfoxide vuth 
certainty, especially since “dehydiomethionine” (Lanne (6)) is an mter- 
mediate m seveial of the oxidations and its decomposition might result in 
unknown products vnth similai properties It vas found, hovever, that 
the explanation of the results resided in the formation of varjung amounts 
of the tvo diastereoisomeric sulfoxides of L-metlnomne, i e , the different 
methods of oxidation that produced the second center of as 3 Tnmetr 3 
(the sulfoxide group) performed var 3 ang degrees of as 3 'mmetnc s 3 Tithesis, 
presumably as a result of var 3 nng rates of reaction The tvo diastereo- 
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isomers, L-methiomne Z-sulfoxide and L-methiomne d-sulfoxide, were best 
resolved by fractionation of the picrates Elimmation of the asymmetry 
of the carbon atom of these compounds by oxidation with chloramme-T 
resulted in products that imtially possessed the lotation expected for the 
sulfoxide group Some aspects of the rotatory properties of sulfur- 
contaimng ammo acids are considered in the discussion 

Lampen et al (3) and Waelsch and Borek (11) have demonstrated that the 
two diasteieoisomenc sulfoxides denved from L-methiomne exhibit different 
biological behavior and their findings may be expected to stimulate further 
mvestigations m this direction 

EXPERIMENTAL 

The optical determmations were made with a Schmidt and Haensch 
polarimeter havmg 0 01° vermer divisions, ivith a Leitz sodium vapor lamp 
as a hght souice and either 1 or 2 dm polanmeter tubes The results 
are calculated in terms of the molar rotation, [M]d = [ajo X mol wt per 
100 The L-methiomne (Eastman Kodak Company) was used as received 
Different lots assayed 96 to 98 7 per cent methiomne according to lodo 
metiic determmations (Lavine (5)) The follomng rotations weie obtained 
on 0 05 M solutions (corrected foi methiomne content) Hd = 
in water and +24 5° in n HCl (The corresponding values for [M]d are 
— 11 7° and +36 5° ) The foimer value is in substantial apeement with 
reported values —8 11°, Windus and Marvel ( 12 ), —7 9°, Pine (7) 
Attention may be called to the difference in specific rotation of L-methiomne 
in 0 5 M NaHCOa (+ 12 °) and boiate buffer (—4 4°), although the pH was 
about 9 1m both solutions 

Oxidation by Hydrogen Peroxide — ^This was earned out on 10 him of 
L-methionme accordmg to the procedure of Toenmes and Kolb (9) for 
DL-methiomne except that the oxidation was allowed to proceed for 3 hours 
instead of 0 5 hour, i e , after 0 5, 1, and 2houisof oxidation, there remained 
respectively 10 4, 4 0, and 0 3 per cent of unoxidized methiomne ’ Yield, 
98 per cent of the theory, decomposition point, 230°, marked by much 
foaming The reduction value {i e , iodine hberated by treating a sample 
^vlth 4 M HCIO 4 and 2 m Nal for 2 hours under N 2 (9)), wms 101 0 per cent 
of the theory for the sulfoxide No methiomne was present (5) The 
suhoxide yielded the followmg molar rotations [M]d^ = +58 8 for 

1 1 ml of 2 N HCl, 1 ml of 5 m KI, and 1 drop of 0 5 m ammomum molybdate were 
added to 0 5 ml of the reaction solution, followed after a few seconds by the addi ion 
of a mixture of 2 ml of 1 m NaOH and 1 ml of 1 m phosphate buffer, pH 7 ^ 0 ^ 

standing about 3 minutes the excess iodine was titrated wnth thiosulfate ^ ^ 
value recorded as excess peroxide The solution w as then acidified by 2 ml 0 
HCl and the hberated iodine estimated by titration wnth thiosulfate and ca cu a 
as methiomne (c/ Lavine (5)) 
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0 05 M solution m 1 m HCl, +24 8“ for 01 m aqueous solution (pH 6 1), 
+33° for 0 05 M solution buffered at pH 7 (phosphate), +24 6° for 0 05 m 
solution buffered at pH 9 (borate), +19 4° for 0 05 m solution m 50 per 
cent methyl alcohol 

A second preparation obtained m 93 4 per cent yield piovided the 
following data decomposition point 226-228°, reduction value 101 per 
cent of the tlieoiy, ammo N -without KI, 109 per cent, -with KT 104 and 106 
per cent of the theor}’^ The following molar rotations, vere ob- 

tained + 25 7° for 0 167 m aqueous solution, +32° for 0 05 m solution 
at pH 7, +24° foi 0 05 m solution at pH 9, and +59° for 0 05 m solution 
m N HCl 

Oxidation hij Iodine — Oxidation of 0 05 m L-methiomne m 0 2 m phosphate 
buffer at pH 7 by the theoretical amount of alcoholic iodine (0 05 m) 
m the presence of an equivalent amount of sodium hj droxide (0 10 m) 
occurred -mthm 2 or 3 mmutes, as eindenced by the disappearance of the 
iodine The immediate oxidation product was not the sulfoxide, howevei, 
but an intermediate, “dehydromethionme” (Lavme (5, 6)), that is dis- 
tmguislied from the sulfoxide by its greater oxidizing pou ei , le , acidifi- 
cation of "dehydromethiomne” to pH 0 5 to 1 in the piesence of 1 m IQ 
causes formation of a molai eqmvalent of iodine The oxidizing powei 
of the solution graduallj’’ decreased until after 165 hours only 1 per cent 
of the intermediate remained The molar rotation, [M]d°, meanvhile 
decreased from +84° to +73° The corresponding final %alue, [Mjo'', 
in 1 N HCl was + 107° (obtained on a solution prepared by addmg 0 5 ml 
of 10 N HCl and 3 drops of 0 025 N Na2S203 to a 4 ml aliquot and dilutmg 
to 5 ml ) Reduction of an ahquot (after 165 hours) bj^ 4 Ji HCIO4 and 
2 M Nal for 1 hour under CO2 mdicated 98 4 per cent of the calculated 
amount of sulfoxide 

Isolation of methionme sulfoxide after oxidation was earned out as 
follows 5 msi of L-methiomne weie placed m a 50 ml volumetnc flask 
■mth 10 ml of 1 m K2HPO4 and 14 ml of vater, 10 ml of 0 447 m alcohohe 
I2 were added, followed by 14 7 ml of 0 409 M KOH {le 6 0 imi of KOH 
m order to neutrahze 60 pei cent of the foimed HI, leading to a final ratio 
of K2HPO4 IQUO4 of 1 5 and a solution at pH 7) Additional iodine 
was added dropmse until the final drop slowly disappeared (total of 5 0 
nui of I2), after which the solution vas diluted to volume and allowed to 
stand at room temperature Table I illustrates the change m rotation 
accompanymg sulfoxide formation The data for the sulfoxide content 
are based on the disappearance of “deh3"dromethionme” (t c , 1 ml of 
5 M IQ and 1 ml of 2 n HCl v ere added to a ml ahquot and the hberated 
iodine titrated vith standard thiosulfate, the difference between this 
value and the total iodine added lepresents the sulfoxide present) Phos- 
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phate was precipitated from the residual solution by an eqmvalent amount 
of banum acetate (8 8 imi) , there was no optical actnnty associated with 
the precipitated banum phosphate The filtrate was evaporated to dr}- 
ness and extracted with 1 1 water-methjd alcohol solution and acetone 
added until precipitation was complete Considerable morganic matenal 
was found to be present m the precipitate which was removed by solution 
of the matenal m 5 to 10 ml of w ater and precipitation bj' 40 ml of meth} 1 
alcohol Yield, 41 5 per cent of the theory, on heating, the substance 
darkened and contracted at 236° but did not foam on heatmg to 283° 
= +156° for 0 05 M aqueous solution and fjM]^ - +188° ± 1° 
for 0 05 M solution mix HCl Ultimate anal 3 ’sis 3 nelded the following 
figures (Carl Tiedcke, New York) 

CiHjiSNO, Calculated C 36 36, H 6 715, N S 48 
Found “ 36 55, “ 6 67, “ S 69 

" 36 29, “ 6 71, “ S 57 

Table I 


Sulfoxide Formation Following Oxidation of Methionine bg Iodine at pH 7 


Time, hrs | 

0 25 

1 

20 

44 

6S 

140 

[MId^i degrees 

1 1 

-}-S5 5 

-f SI 7 

+77 

-f75 5 

4-72 

Sulfoxide, % j 

i 

10 0 

60 9 

S2 9 

91 4 

9SS 


Decompostlion of Intermediate Oxidation Product by Acid — ^If, after 
lodometiic oxidation of methiomne at pH 7, iodide is removed as siher 
iodide and the solution then made 1 M m HCl, the intermediate is found to 
be 78 and 94 pei cent decomposed 5 and 15 minutes respectnel) after 
the addition of acid A 0 05 Ji solution m 1 x HCl prepared m this waj, 
with silver perchlorate to piecipitate iodide, was found to have a molar 
rotation, of +86° Identification of the leaction product as methio- 

mne sulfoxide was estabhshed bj’^ the following endence obtamed on the 
product isolated m 80 per cent jueld after oxidation of DL-metluomne 
reduction i alue, 100 4 per cent of the theorj'-, eqmi alent weight b}’’ titration 
with acetous perchlonc acid (Toenmes and CaUan (8)), 165 4, theor}’’ 165 h 
decomposition pomt 226-227°, there was no oxidation bjModine at pH t 
or by lodate in x HCl ovei a penod of 1 hour 
Oxidation by Iodine tn x HCl in Presence of Mercuric Chloride— Methio- 
mne is oxidized verj* slow Ij^ b 3 ^ lodme in x HCl, but w hen mercmic chlonde 
is also piesent 1 mole of lodme is consumed withm 10 minutes Ine 
evidence for sulfoxide formation is based on the quantitative aspect^ 
lodme consumption and on the u reversibility of the oxidation e 
oxidation of 0 05 m L-methiomne mix HCl and 02 m mercunc chlon e 
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by 0 05 M iodine led to a solution (after filtering from mercunc iodide) 
Iia\ring [MJd** = +86° that was constant for 1 hour 
lodale tn n HCl — Methiomne (0 01 m) is rapidly oxidized by lodate 
(0 05 n) in N HCl with 99 6 and 100 2 per cent sulfoxide formation after 
10 and 60 minutes, respectively On further standing, the oxidation 
continued and a value 144 0 per cent of the theory was obtained after 18 
hours 15 minutes after preparation, a solution 0 05 m m L-methiomne, 
0 15 N in IQOs, and 1 N m HCl possessed [M]d® = +73°, after 21 hours 
[M]28 = +714° 

The results of these oxidations are summanzed m Table II Smce 
the sulfoxide was produced m all cases, it is evident from the rotations that 

Table II 


Asymmelric Oxidation of h-Melhionine to Sulfoxide 


Solution No 1 

Method of oxidation 

Mr 

ID N HCl 

Per cent* 

L methionine 
d sulfoxide 

Time for complete oxida 
tion to sulfoxide 



degrees 



1 

H.Oo m 0 46 N HCl 

4-59 

50 6 

2 hrs 

2 

KIO 3 in N HCl 

+73 j 

55 1 

5-10 min 

3 

I 2 and HgCL m n 
HCl 

+85 

59 0 

< 10 nun 

4 

Ij at pH 7 followed 
by acidification 
(N HCl) 

- 1-86 

59 4 

2 to 3 nun for I 2 
oxidation, about 
15 imn for sulfox- 
ide formation 

5 

lo at pH 7, let stand 
at pH 7 

-1-107 

66 2 

2 to 3 mm for I 2 
oxidation, about 


Isolated material 

-M88 

1 

92 8 

150 hrs for sulfox- 
ide formation 


* 100(95 2 + [M]o)/305 2 (c/ “Resolution of diastereoisomers”) 


the proportion of the two diastereoisomenc sulfoxides must have differed in 
the various pioducts, and further that the more rapid the reaction the 
greater was the degree of asymmetnc sjmthesis Little can be said con- 
cernmg the secondary reactions of Solution 5, but a senes of consecutive 
reactions is mdicated, of which the asymmetnc step must be rapid despite 
the slow over-all rate of reaction The similarity of the lotations of 
Solutions 3 and 4 suggests that the mechamsm of the reaction and the 
intermediate involved were the same in these tv o cases ^^Tien L-methio- 
mne (0 05 m) was oxidized by peroxide under conditions leading to the 
sulfone (Toenmes and Kolb (10)), t e by 0 15 it H 2 O 2 , 0 02 m (NH 4 ) 2 Mo 04 
m 1 M HCl, [M] = +65 5°, +56 5°, +54 5°, and +49° after 0 41, 1 7, 2, 

and 22 hours, respectively The final value presumably represents the 
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sulfone denved from L-methiomne, but the high initial rotation compared 
with that produced by h 3 '-drogen peroxide alone (Solution 1) indicates 
that molybdate caused a greatei degree of asymmetnc synthesis as well 
as more rapid reaction 

No evidence of racemization or epimenzation was noted The rotations 
of the product isolated after HjOj oxidation were constant for 7 days m 
both N HCl and in water ([M]o = +59° and +27°, respectively) Similar 
results were obtained ovei a peiiod of 4 da 5 ’^s with the product possessing 
[M]d = +188° m N HCl and +156° in water Oxidation by hydrogen 
peroxide (Solution 1) results m a product that contains almost equi- 
molar amounts of the two diasteieoisomere and, for certain purposes, 
hereafter, this substance will be employed and designated as L-methiomne 
di-sulfoxide 

Resolution of Diaslei eoisomers — Since the two sulfoxides aie diastereo- 
isomers, resolution by phj'sical methods should be possible The isolation 
of a product with a molar lotation of +188° from a leaction solution 
(Solution 5, Table II) wuth a rotation of +107° suggests that recr 3 ^staili- 
zation fiom water-methyl alcohol mixtuies rmght easilj’’ effect such a 
separation How'ever, w'hen the sulfoxide was subjected to fractional 
crj’’stalhzation by gradually increasmg the methyl alcohol content of an 
aqueous solution, it soon became apparent that a sharp separation would 
reqmre many f i actionations ® Accoi dmgl j’’, resoi t was had to fi achonation 
of the picrates, a techmque emplojmd bj'' Toenmes and Kolb (unpublished) 
that apparently shaiplj’' resolved DL-methionme df-sulf oxide into two 
racemic imxtures 

In this proceduie, equimolar amounts of sohd picnc acid and methionine 
sulfoxide were heated on a boihng water bath ivith the minimal amount 
of water necessary for solution (4 ml of watei were sufficient to dissolve 
the picrate from 1 gm of DL-methionme dZ-sulfoxide at 96° ) On coohng, 
a crj’-stallme piciate was deposited that was filteied off A second fraction 
was obtained by evaporating the filtiate to incipient crystalhzation, 
coohng, and washing the lesulting residue wuth acetone 

The two picrates weie decomposed by adding 10 to 25 per cent excess 
amylamme to an aqueous solution and precipitatmg the sulfoxide witn 
acetone 

2 1 55 gm of methiomne sulfoxide with a molar rotation of ■+■25 2° (0 05 m m fwju® 
ous solution) uas recrystalhzed from 40 ml of 80 per cent methyl alcohol, yie i 
82 per cent, [jMJd = -h38° The latter matenal (1 27 gm ) was dissolved m 10 
of iiater and the solution made successively 60, 75, 85, and 91 per cent in 
alcohol by addition of methyl alcohol to the filtrate from each precipitate 
molar rotations of the corresponding fractions (aqueous 0 05 m solutions) were + 
-1-98°, 4-11°, and —6°, respectively The levorotatory sulfoxide is according y 
more soluble 
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Application of tins proceduie to L-methionine d/-sulf oxide showed one of 
the picrates to be spannglj^ soluble (17 ml of nater at 96° did not dissohe 
the picrate fiom 1 gm of sulfoxide) The piciate (fiom 1 33 gm of sulfox- 
ide) nas accordingly filtered off aftei the solution nas cooled to loom 
tempeiature, washed mth watei, and decomposed ■mth amylamine nuthout 
recrj’-stalhzation A uhite ciystalhne product was obtained (0 615 gm ) 
that possessed molar i otations, [M] as f ollon s -f 138° foi 0 05 m aqueous 
solution and -|- 183 4° for 0 05 m solution in n HCl The substance smtered 
at 250-255° after giadually darkening, but there was no foaming on 
heating to 275° 

The mother hquoi contaming the soluble piciate nas evaporated at 
room temperature tn vacuo nearly to diyness, diluted mth v ater to a vol- 
ume of about 5 ml , and filteied mth 2 ml of vater foi nnsing and cash- 
ing (In view of later lesults it would appear that a supersaturated solu- 
tion of the picrate was formed ) 10 ml of methyl alcohol and 4 nui of 

amjdamine veie added to the filtrate, followed b> the addition of 75 ml 
of acetone The sulfoxide was filtered, washed mth acetone, and dned, 
yield, 0 515 gm This fraction possessed a molar rotation, [M] of 
— 110 2° m water and —86 6° in 1 m HCl (0 05 m solutions) On heatmg 
at the rate of 2° per nnnute, the substance gradually darkened, contracted 
at 235°, and decomposed mth gas evolution and foarmng at 239° 

It is evident from the results of Table II that complete resolution, at 
least of the dextrorotatory sulfoxide, was not achieved and it appeared 
desirable to modify the piocedure somewhat m order to elimmate the 
opportimity for occlusion presented by the low solubfiitj' of the dextro- 
rotatory picrate The slow addition of a picnc acid solution to the sul- 
foxide should avoid this difficulty and also rmght selectively precipitate 
the dextrorotatory picrate Accoidmgly, 11 7 ml of 0 641 ii picnc acid 
(7 5 mil) m methyl alcohol veie slowly added to 14 3 imvt of methiomne 
sulfoxide^ dissolved m 10 ml of water After a shoit time, a precipitate 
was formed that amounted to about 45 per cent of the theoiy However, 
the solubdity of this matenal n hen washed mth water indicated it to be a 
mixture of the picrates and it nas recombined mth the solution An 
additional 7 5 mii of alcoholic 0 641 m picnc acid were added, makmg the 
total volume of the solution about 100 ml iVftei standing overmght, the 
precipitate was filteied off, n ashed mth nater, and tieated according to 
the follomng procedme 30 ml of watei were added, and the mixtuic 
heated at 70-75° for 10 imnutes and then let stand for 23 hours at room 

’ Thus product v as prepared bj 113 drogen peroxide oxidation for onb 1 hour and 
vas later found to contain 4 6 per cent methionine [MId = +C1 7° in x HCl and 
-f29 8° in vater (corrected for methionine content) The methionine nas rcmoicd, 
as shown in the text, in the filtrate from the lex orotator3 picrate 
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tempeiatuie, the piecipitate ^^as again lemoved and the filtrate anal j zed 
(1) foi piciic acid b 3 ^ titration i\ath 0 05 N NaOH inth bromocresol purple 
as mdicatoi, (2) foi sull oxide by titration of the iodine hbeiated after 
tieatment with 4 m HClOi and 2 Ji Nal for 2 or 3 hours under nitrogen, 
and (3) foi its rotation This pioceduie was repeated on the Mashed pre- 
cipitate until the molar i otation of the filtrate became constant within the 
himts of the methods as shomi m Table III The final I’^alue nas checked 
bj the rotation of the precipitate The piciate (1 25 gm ) ivas then de 
* composed by adding 20 ml of water and about 10 per cent excess am}! 
amme (or until alkaline to litmus) , the suhoxide ivas precipitated by 200 
ml of acetone After the precipitated sulfoxide had settled clear, it was 
filtered off and m ashed with acetone until all of the amjdamine picrate ivas 


Table III 


Ftacltonalion of Dexlrorolalory Ptaaie of 'L-Mclhiotnne Sulfoxide 


Solution No 

Volume 

Picnc acid 

Sulfoxide 

a per dm 



ml 

If 

■dh 

degrees 

degrees 

1 

30 

0 0243 


-0 052 

-21 

2 

30 

0 01S4 

bib 

■OB 

4-47 

3 

30 

0 0180 


■■■ 

4-50 

4 

30 




4-136 

5 

30 



-fO 245 

4-160 

6 

12 


■IB 

■fO 241 

4-179 ± 5 

7 

IS 

_ 

0 0134 

■B 

4-0 247 

4-187 ± 5 

0 01 M solution of ppt 

0 0099 

0 0104 

4-0 ISO 

4-lSO ± 6 


removed, yield, 0 50 gm Tins product was charactenzed as follous 
[M] d'’ = +163 5° ([a] D® = +99°) forO 1 m aqueous solution, [M] f = +210 
(Wd^ = +127°) for 0 05 ji solution in 1 n HCl, on heating, the substance 
giadually darkened and sintered at 240-245° No methionine m'OS 
present in this material and 100 4 per cent of the theoretical amount of 
iodine was hberated on reduction bj-- 4 m HCIO4 and 2 m Nal for 2 houro 
under mtiogen 

It was subsequently found that an extraction ivith 25 ml of ivater, 
earned out as previously outhned (filtrate, [M]n = —41°, 0 04 m), foi" 
loived by a similar tieatment wath 25 ml of methyl alcohol (filtiate, 
[M]d = +123°, 0 011 m) sufficed for optical punfication of 1 98 gm 0 
the dextrorotatory picrate (final value of [MJ^ = +182°) 

The ongmal filtrate (100 ml ) from the dextrorotatory picrate was 
evaporated to about 25 ml on a ivatei bath (1 hour) and finally to dryness 
at room tempeiatuie The residue was stirred ivith 33 ml of water. 
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filtered at once, and the filtiate discarded * The remaining piecipitate, 
except for 0 087 gm of insoluble matenal, was dissolved in 150 ml of 
vatei 1)3’- cashing on a sintered glass funnel The lesulting solution was 
again eiapoiated to di 3 mess and the lesidue stiried mth 5 ml of water, 
vliich caused the formation of a tuigid ci 3 'stalhne mass An additional 
10 ml of vatei veie added and the mixture was heated on the watei bath, 
theieb 3 effecting neail}’' complete solution of the piecipitate After 
standing ovei night at room temperature the piecipitate and filtrate were 

Table IV 


Fractionation of Lcvorolatory Picratc of l Methionine Sulfoxide 



Picric acid 

Sulfoxide 

a per dm 


1 

I ir 

if 

degrees 

degrees 

1 Ppt , 1 9S gm 

0 0255 

0 0249 

\ -0 196 

-78 4 

Filtrate, 20 ml 

0 0322 

0 0170 

-0 113 

-66 4 

2 Ppt , 1 SS gm heated uith 15 ml nater, filtered hot from a slight residue, and 

let stand o\ernight at room temperature, filtered 



Ppt , 1 32 gm 1 

0 0260 

0 0251 

-0 195 1 

-78 2 

Filtrate I 

0 0565 

0 0514 

-0 305 1 

-59 4 

3 Ppt ,1 22 gm , heated vith 25 ml methyl alcohol , almost all dissolved, let stand 

overnight at room temperature, filtered 



Ppt , 0 77 gm ! 

1 0 0250 

0 0260 

-0 266 

I -106 5 

Filtrate 1 

0 0549 


-0 180 1 

-32 7 

4 Ppt , 0 66 gm , heated v 0 

th 15 ml methyl alcohol, let stand overnight at room 

temperature, filtered 





Ppt , 0 37 gm 

0 0250 

' 0 0260 

-0 265 

-106 

“ (methjl alcohol) 

0 0260 

0 0260 

-0 225 

-89 

Filtrate 

0 0485 


-0 407 

-84 


The figures m bold-faced type represent concentrations calculated frorn a v, eighed 
sample 


separatel 3 ^ analyzed as shown m step (1) of Table IV A second similar 
treatment (step (2)) removed considerable matenal without effectmg an}’’ 
improvement in the optical rotation of the precipitate Since the dextro- 
rotatory picrate was found to be spaiingly soluble m methyl alcohol (a 
satuiated solution at 25° was 0 0075 m with [I\I]^= = -t-185°) the precipi- 
tate was tieated with methyl alcohol as shovm by step (3) The results 
were surpnsmg in this case as veil as m the preceding steps in that the 
filtrate contained the excess of the dextiorotator}’’ picrate, mdicatmg that 

" The solution after partial evaporation at room temperature deposited 0 01 gm 
of material ([M]d = -1-13'’) and left a solution contaimng a total of 0 44 mji of sulf- 
o'ade, 1 6 mm of picric acid, and 0 6 mM of methionine, a per dm was —0 04S , ' olumc 
25 ml 
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tempeiatuie, the piecipitate i^as again remo^ed and the filtrate analjzed 
(1) for picnc acid bj titration \nth 0 05 x NaOH Math bromocresol purple 
as mdicatoi, (2) foi sulfoxide by titiation of the lodme liberated after 
tieatment Math 4 ai HClOj and 2 ai Nal foi 2 oi 3 hours under nitrogen 
and (3) foi its rotation This pioceduie Mas repeated on the Mashed pre- 
cipitate until the molar rotation of the filtiate became constant Mithm the 
limits of the methods as shoMai in Table III The final value Mas checked 
by the lotation of the precipitate The piciate (1 25 gm ) Mas then de- 
* composed by adding 20 ml of M^ater and about 10 per cent excess am\l 
amine (oi until alkahne to litmus), the suKoxide Mas piecipitated bj 200 
ml of acetone After the piecipitated sulfoxide had settled clear, it iras 
filteied off and Mashed Mith acetone until all of the amjdamme picrate Mas 


Table III 


Fractionation of Dextrorotatory Picralc of h-Mclhiomnc Sulfoxide 


1 

Solution Lo I 

1 

A'olume ' 

1 

Picnc acid | 

SuHoxjde 

a per dm 

1 

Mn 


ml j 

V 

■if 

decrees 

deirtts 

1 

30 1 


0 0243 i 

-0 052 

-21 

2 

30 


0 01S4 

+0 0S7 

■f47 

3 

30 


0 0185 

+0 093 

' +50 

4 

30 

KBI 

0 0155 

-fO 210 

+m 

5 ! 

30 


0 0153 

-fO 245 

-PICO 

6 

12 

0 0135 

0 0134 

-fO 241 

-fl70±5 

7 

IS 

0 0134 

0 0129 

■f 0 247 

+1S7±S 

0 01 M solution of ppt 

0 0099 

0 0104 

-fO ISO 

1 

-piso ± 0 


removed, yield, 0 50 gm This pioduct Mas charactenzed as folloivs^ 
[M] d'’ = + 163 5° ([a] =: -f99°) for 0 1 M aqueous solution, [hi] o — +210 

(Wd^ = +127°) for 0 05 m solution in 1 x HCl, on heating, the substance 
gradually darkened and sintered at 240-245° No methiomne uas 
piesent in this mateiial and 100 4 pei cent of the theoretical amount of 
lodme Mas hberated on i eduction b3’- 4 ai HCIO4 and 2 M Nal for 2 hours 
undei mtrogen 

It Mas subsequentb’- found that an extinction Math 25 ml of M'ater, 
earned out as prenously outhned (filtiate, [M]d = —41°, 0 04 m), lob 
loured bj' a similai tieatment Muth 25 ml of methyl alcohol (filtrate, 
1M]d == +123°, 0 011 m) sufficed for optical punfication of 1 98 gm 0 
the dextrorotatory piciate (final value of [M]o = +182°) 

The ongmal filtiate (100 ml ) fiom the dextrorotatory picrate mas 
evaporated to about 25 ml on a Mater bath (1 hour) and finallj’’ to 
at room temperature The residue M'as stiried mth 33 ml of ma > 
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tion (0 05 m), the rotation decreased from +26° to +4° These results 
mdicate that the asymmetry of the carbon atom was destioyed and the 
residual lotation may be attnbuted to the slight excess of L-methiomne 
d-sulfo\ide present in the starting matenal When n-methiomne d-sulf- 
oxide (0 05 lit) and L-methiomne 1-sulf oxide (0 025 m) were treated similarly 
inth chloramme-T m 40 pei cent methyl alcohol solution, the respective 
rotations changed in 10 minutes fiom +163 5° to +145° and from — 118 4° 
to — 142° The values did not remain constant, however, and continued 



Fig 1 Change in rotation after reaction of methionine sulfoxide VMth a molar 
equivalent of chloramine-T in 40 per cent methyl alcohol O, dextrorotator} values 
for 0 05 M L methionine d-sulf oxide , [Min after 326 hours = +30°, A, levorotatorj 
values for 0 025 m n methionine f-sulfoxide, (Min after 2S9 hours = —14° The 
temperature n as 23-25° The inset shows the rotations for the first 5 hours 

to change as shown by Fig 1 It should be noted that the hmiting value 
of the rotation was not always zeio Further data are reqmred before a 
decision can be made as to the nature of the reaction responsible for the 
continued decrease in rotation The reduction values for the suFoxide 
group were 95 to 100 per cent of the theory immediately after reaction 
■With chloramine-T, indicatmg that this group was not attacked Aftei 2 
Weeks, however, the reduction values also decreased, but m rather erratic 
fashion, to 53, 60, and 74 per cent of the theory for n-methionine dl-suU- 
oxide, L-methiomne d-sulfo\ide, and n-methiomne f-sulf oxide, respectiv^elj 
The formation of a product resistant to reduction w'as indicated b}" finding 
that the values were increased about 28 per cent when the reduction was 
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The author IS indebted to G ToenmesandJ J Kolb for the unpublished 
data on the partial resolution of Dir-methionine sulfoxide bj’’ picnc acid, 
and to Carlota Herkness for teclinical assistance 


SUMMARY 


The follomng methods of oxidation of n-methionme uere investigated 
(1) hj drogen peroxide, (2) lodate in N HCl, (3) iodine m x HCl in the pres 
ence of mercunc clilonde, and (4) iodine at pH 7, the latter procedure re 
suited m an intermediate oxidation product that ivas decomposed (o) in 
X HCl and (6) in neutral solution 7-Methylsulfinyl-a-aminobutj'ric 
acid, for convemence called methiomne sulfoxide, vas the final oxidation 
product m all cases Smce the sulfoxide group constitutes a second center 
of asjTnmetrj’’ m the molecule, the product contained two diastereoisomers 
that u ere designated n-methionme d-sulf oxide and L-methiomne Z-sulf oxide 
The rate of reaction and the relative amount of the first of these two isomers 
A^ere found to mcrease according to the above sequence of leactions, hj- 
drogen peroxide oxidation jnelds almost equal amounts of the tvo 
isomers, t e L-methionme dZ-sulfoxide 

The two diastereoisomers were resolved as picrates n-Methionme 
d-sulfoxide forms a sparmgly soluble picrate, possesses a molar rotation, 
[M]“, of +163 5° in aqueous solution and +210° in x HCl (Me “ 
and +127°, respectively), and does not have a veil defined decomposition 
point li-Methionme Z-sulfoxide forms a more soluble picrate, poss^es 
a molar rotation, [M]“, of —118 4° in vater and —95 2° in x HCl (Mo 
—71 6° and —57 6°, respectively), and decomposes at 238-239°, usual!' 
vith much foammg 

Reaction of the tv 0 diastereoisomenc sulfoxides vith chloramine-T led 
to solutions that imtiall}'- posse'^sed rotations calculated for the sulfoxide 
group The ehmmation of the asjmmetrj' of the carbon atom was in- 
dicated, but the nature of the resultmg molecule v as not defimtely estah 
lished, although e'udence for the formation of an aldeh5'de, presumably 
j3-methylsulfin3dpropionaldehyde, was obtamed 

Factois infiuencmg the rotatorj' power of the two as3Tnmetnc centers 
V ere discussed 

cent vater b 3 Aoluine and was 0 5 m in HCl Reduction in aqueous 
solution by zinc dust resulted m formation of cisteme and p-tbiocresol * 
b} odor and solubilitj characteristics) to the extent of 99 6 per cent of the' 
on the basis of subsequent lodometnc oxidation in 1 ^ HCl and 1 m KI to the 
tne disulfides The presence of the p-thiocresjl radical uas also indicated 
formation of a blue color on warming the substance in concentrated suiiu 
Oxidation b 3 lodate in n HCl v as slow compared with cj stine but j lelded \ a u 
24 and 72 hours, amounting respectnely to 98 4 and 99 4 per cent of the 
oxidation to cj stem and p-toluenesulfomc acids 





GLYCOLYSIS IN HmiAN BLOOD 
By ROBERT M BIRD* 

(From the Department of Phystology, Cornell University Medical College, 

New York City) 

(Received for publication, April 23, 1947) 

The prospect of stud 3 Tng human leucemic blood by means of the War- 
burg techniques raised the question of the glycolytic rate m normal human 
blood The pioneer ivork in this field was that of Evans (1) who demon- 
strated that the fall m the CO 2 capacity of shed blood was due to conversion 
of glucose to lactic acid The topic of glycolysis was renewed by Lunds- 
gaard m 1933 (2) Although the effect of change m pH on glycolysis is 
marked (3), few attempts were made to control CO 2 tension m much of 
the earher work When manometric methods were used, the evolution 
of CO 2 uas assumed to be due to lactic acid foimation, and manometnc 
data were frequently not correlated vuth chemical anal 3 ’'ses Further, 
without the benefit of chemical analyses, the assumption has been made 
that glucose utihzation equals lactic acid formation Lastly, there is 
considerable variation as to the glycolytic rate m different reports This 
is illustrated by Table I, which presents a partial tabulation of reports 
on anaerobic and aerobic glycolysis in the peripheral blood of man The 
glycolytic rate, symbolized by Qg' for aerobic glycolysis and Qg’ for 
anaerobic glycolysis, is defined as the number of c mm of CO 2 produced 
by, or equivalent to, the acid formation per mg of cell protem per hour 
The data of Table I have been recalculated when necessary on this basis 
with our value of 158 mg for the weight of total cell protem per 1 ml of 
whole blood 

The work to be reported here was undertaken m an attempt to answer 
the following questions Can the glycolytic rate m whole human blood 
be precisely defined? What is the quantitative relationship of Qg‘ to 
Qg’? What IS the correlation between the evolution of CO 2 determmed 
manometncally and the chemical analyses for lactic acid and glucose? 

EXPERIMEI4TAL 

Methods 

The whole venous blood of healthy male and female laboratory workers 
was used Counts for red and white blood cells were performed on each 
sample The anticoagulant was heparm To determme whether or 

* This vork Has done in part under an American Cancer Societ} fellowship and 
grant recommended by the Committee on Grow th of the National Research Council 
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Dot the initial glucose coucentiation influenced glycolysis, about half of 
the blood samples nere fortified b 3 ' the addition of approximately 100 
mg per cent of glucose nhen dranm No differences were noted between 
fortified and unfortified samples 

Manometric deteimmations were made wuth comentional Barcoft- 
Waiburg vessels ha\ mg a total capacit 3 ' of 8 ml Each ^ essel contamed 
2 ml of whole heparmized blood An equilibration period of 15 mmutes 
was allowed to establish aerobic or anaerobic conditions as required 
The particular gas mixture desired (95 per cent 02-5 per cent CO 2 for aero- 
biosis, 95 per cent N 2-5 per cent CO 2 for anaerobiosis) flowed rapidly 
through the \ essels for the duration of the equilibration penod During 
this time the vessels were immersed in the water bath and were shaken 
at a rate of approximate^’- 120 strokes per mmute Eqmlibration of the 

T\bie I 


Reprcsenlalitc 1 aluts for inaerohtc and Aerobic Glycolysis in Human Blood 


Matenal 

1 

No of ex 
periments 



Author 

Red blood cells less buffj 

3 

fO 27 


Burger (4) 

coet, defibrinated serum 





Washed cells, whole blood, 

s 


-f 0 25 

Engelhard! and Ljubi 

Ringer-glucose 



1 

mowa (5) 

Whole blood, defibrinated 



4-0 27 

Somogji (6) 

“ “ o\alated 

10 


4-0 10 

Kataj ama and Garcia (7) 

it tt 

s 


4-0 13 

■' (8) 

“ “ heparinized 

17 1 

1 

j 

4-0 30 

Schmitz and Gloier (9) 


blood samples with a physiological tension of carbon dioxide as desenbed 
here is esseptial m experiments of this nature, smee only m this wa 3 '' can the 
pH of the blood be restored to that e-astmg at the time of venipuncture 
and be mamtamed reasonabb* constant durmg an experiment 

After the gas flow was discontmued and the vessels closed off, a 5 minute 
intenml was allowed for temperature and pressure equilibration before 
beginning manometric readmgs The e-qienmental penod was either 
60 or 180 mmutes hlanometric readmgs of CO 2 evolution w’ere correcte 
for retention by the plasma as described b 3 ’- Dixon (10) and by Umbrei 
et'al ( 11 ) 

The total contents of each vessel were analyzed for glucose and lac 1 
acid These analyses were run on the contents of i essels remoi ed ffom 
the water bath at zero time of the manometnc e-^penmental period ^ ° 
the contents of others removed at the end of the experiment Such ana 3 
are referred to as mitial and final glucose and lactic acid leiels respe 
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tively In each volume of blood, 1 volume of 10 pei cent sodium tungstate 
and 1 volume of 0 66 n sulfunc acid -weie used for the precipitation of 
piotem at a final dilution of 1 12 5 Blood sugar was determmed by the 
method of Benedict (12) m the Edett-Summerson photoelectric colorim- 
eter Lactic acid was determined accordmg to the method of Barker 
and Summeison (13) The analytical accuracy of each series of experi- 
ments was controlled by the analysis of a separate control sample of 
blood to which knoivn amounts of glucose and lactic acid had been added 

Kjeldahl determmations for the total mtrogen of the washed cells of 
several 1 ml samples of whole blood were made These determmations 
vere corrected on the basis of cell counts so as to repiesent the total mtro- 
gen of the washed cells of 1 ml of whole blood having an erythiocyte count 
of 5 X IC per c mm An average figuie of 25 3 mg of total cell N was 
obtamed From this it was calculated, with the customaiy factor of 6 25, 
that the cells of 1 ml of whole blood contamed 158 mg of total cell protein 

Results 

Thirty-eight expeiiments were performed In the first ten the experi- 
mental penod was 180 minutes In each of these early experunents the 
evolution of gas during the first 60 minutes was 2 to 6 times as gieat anaero- 
bically as aerobically In the subsequent 120 mmutes more gas was 
evolved by the blood imder anaerobic conditions, but the difference between 
anaerobiosis and aerobiosis was small Thus for the first, second, and 
third 60 mmute periods the average anaerobic gas evolution per 1 ml of 
blood was -1-174, -1-69, -1-61 c mm , respectively, and the average aeiobic 
gas evolution was -1-50, -1-38, and -1-38 c mm Since chemical analyses 
gave no support for such an enhanced glycolytic rate dunng the 1st hour 
of anaerobiosis, an alternate explanation for this phenomenon w'as sought 
It appeared likely that the 15 minute equilibration period wnth the N 2 - 
CO 2 gas mixture for the establishment of anaerobiosis was msufficient for 
the complete dissociation of O 2 from hemoglobm, and that subsequent 
liberation of O 2 might account foi the apparently excessive evolution of 
gas dunng the 1st hour This was confirmed by the demonstration m the 
Summerson differential manometer (14) that the bulk of the gas libeiated 
in the anaerobic vessel durmg the 1st hour was not absorbed bj’’ alkali 
Consequently, the equilibration wnth 95 per cent N 2-5 per cent CO 2 for 
only 15 mmutes was not smtable for the manometric determination of 
anaerobic glycolysis m whole blood Smee carbon monoxide is reported 
not to affect glycolysis (8), it was decided to equilibrate the blood to be 
used m the anaerobic experiments with 100 per cent CO for 10 mmutes 
pnor to the 15 mmutes equilibration with the N 2 -CO 2 mixture The effect 
of such prelimmary equilibration wnth CO on the manometnc results dunng 
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the 1st hour of anaerobiosis, as well as the relation between anaerobic and 
aerobic readings under these conditions, is illustrated in Fig 1 In al! 
subsequent experiments, mcludmg those reported m Table II, anaero- 
biosis was obtained by first exposmg the blood to an atmosphere of nearly 



Fig 1 Effect of preliminary equilibration nith carbon monovide on the mano 
metric determination of anaerobic glycolysis 


Table II 


Leucocyte and Erythrocyte Counts of Blood Used in Each Experiment 


Experiment 

No 

Red blood 
cells, 10 ® j 

^Vhl{e blood 
cells 10* 

Experiment 

No 

Red blood 
cells, I0‘ 

Wbitc blood 
cells, 10* 

20 

5 0 

8 0 

33 

6 2 

12 9 

21 

5 2 

5 G 

34 : 

5 5 

12 2 

22 

5 6 

5 I 

35 

4 6 

47 

27 

4 7 

6 6 

36 

4 6 

9 3 

28 

5 0 

8 5 

3GB 

5 2 

5 3 

29 

4 7 

5 5 

37 

i 4 7 

6 9 

30 

5 6 

13 1 

38 

! 5 2 

8 4 

31 

5 6 

1 6 9 

39 

i 4 8 

10 5 

32 

5 6 

9 6 

40 

5 1 

10 7 


pure CO for 10 minutes followed by the routine N 2 -CO 2 equihbration for 
15 mmutes 

The results, which are considered valid, of eighteen expenments ^ 
reported m detail m Tables II, III, and IV and Fig 2 Table II gives the 
leucocyte and erythrocyte counts of the blood used in each experin^n 
Table III presents the manometne and chemical data as observe 
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Table III 

Detailed Results of Study on Glycolysis in Human Blood 



* Values represent manometne readings corrected for retention 


Table IV 

Summary of Eighteen Experiments 

Range 

+0 23 to +0 3S 
+0 18 “ +0 33 
+0 63 “ +1 42 
+0 &4 “ +0 9S 
-0 56 “ -1 44 
-0 43 “ -1 06 
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each experiment The manometric readmgs have been corrected for the 
letention of CO 2 by the plasma The chemical analyses considered un- 
reliable, either because of large error m recovenes or poor agreement 
between duplicate determmations, have been omitted fiom Table III 
To facilitate comparison between the various analytical methods used, 
the data of Table III are presented as a scatter graph m Fig 2, mth all 
manometric values expressed m terms of eqmvalent micrograms Table 
IV summarizes the findmgs of the eighteen experiments reported m detail 
Here the experimental results have been corrected on the basis of the cell 



Fig 2 Comparison of manometric and chemical data of eighteen eapenments on 
anaerobic and aerobic gljcoljsis in human blood 

counts and are reported m terms of Q values of a hypothetical blood con 
tammg 5 X 10® red blood cells and 5 X 10® white blood cells per c nun 
The followmg facts aie apparent from these data Anaerobic glycolysis 
exceeded aerobic in the large majority of the experiments The evolution 
of CO 2 under anaeiobic conditions was greater than under aerobic condi- 
tions in eleven of sixteen instances, and lactic acid fonnation was greater 
anaerobically m fourteen of fifteen experiments In ten of thirteen experi 
ments, the evolution of CO 2 was greater, both anaerobically and aerobica y 
than that which could be accounted for by lactic acid formation 
utihzation of glucose was greater anaerobically in eight of nme determma 
tions More glucose disappeared than could be accounted for by the forma 
tion of lactic acid in six of eight experunents imder anaerobic condi lom^ 
but this was a significant finding m only two of eight experunents when 
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blood was treated aerobically In the initial twenty experiments, not 
reported in detail, manometric data and chemical analyses conformed 
pomt by pomt to the above pattern 

DISCUSSION 

The rate of glycolysis, both aerobic and anaerobic, as leported m this 
paper is of the same ordei of magnitude as has been reported previously 
It can be defined no more precisely and is small m comparison with that 
of other tissues The question arises as to whether this small glycol 5 d;ic 
rate could not be accounted for entirely by the few white blood cells present 
m each ml of whole blood The density of human red cells is reported 
as 1 1 and their water content as 64 per cent (15) With these values, if 
one assumes that the total glycolysis is due to the erjihrocyte, Qg^ may be 
calculated to be -fO 25, and Qg* +0 22 Such values are one-eighth less 
than the observed glycolytic rates reported m Table IV Such close 
agreement would seem to mdicate that the major part of the glycolysis 
measured m these experiments is the contribution of the red blood cell 
Can the relative role of the white cell be approximated? Workmg with 
rabbit exudate leucocytes. Gilder* finds the average dry weight of 10® 
leucocytes to be 0 118 mg , and an average Qa" value of -f 24 4 and Qq 
value of -1-15 9 Makmg two assumptions, t e that the rate of glycolysis 
for the rabbit leucocyte and foi the human white ceU is of the same ordei 
of magnitude, and that the exudate leucoc 3 de resembles m its glycol 3 'sis 
similar cells circulatmg m the peripheral blood, one may apply Gilder’s 
data to the results reported above If the erythrocytes were mert and the 
total glycolysis were due to the white cells, the Q value for anaerobic 
glycolysis would be -t-48, foi aerobic glycob^sis 4-42 Smce m 1 ml of 
whole blood the total number of leucocytes repiesents approximately 
10~® of the total cell count, in whole blood the contribution of the leuco- 
cytes to the observed Q value might be said to approximate +0 04 Such 
a value added to the theoretical contribution of the red cell, ^ e -}-0 25 
and -fO 22, gives a value for the Q for w^hole blood very close to the Q 
determmed experimentally, as reported here Tl],us we feel that m nhole 
human blood the relative contribution of erjdhrocyte and leucocyte to the 
total glycolysis is m the order of 8 1, while their numerical relationship 
is approximately 1000 1 Maclean and Weir (16) m 1915 stated that the 
glycolytic activity of the leucocjde was 200 to 1000 tunes as great as that 
of the erythrocyte 

That anaerobic glycolysis m whole blood is greater than aerobic glycol- 
ysis IS evidenced by a greater evolution of CO 2 and by a greater formation 
of lactic acid Such a conclusion based on manometnc data alone might 

* Gilder, H , personal communication 
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be questioned, since aerobic glycolysis as measured in these expemnents 
does not take into consideration the Oj consumption and the COj respira- 
tory evolution of the cells present Hence, manometric measurements 
made as described here are subject to a fundamental error -which mcreases 
■with increase in respiratory activity of the tissue present In a tissue such 
as whole blood, hovever, with a leucocyte count not exceeding 15,000 
cells pel c mm , respiration is admittedly small (17) and direct mano- 
metric measurement of aerobic glycolysis undoubtedly gives values which 
closely approximate the true values This is evidenced b 3 ’’ the close parallel 
between the analyses for lactic acid production and the manometnc 
findings That the CO 2 is uniformly evolved m excess of that which can 
be accounted for by the formation of lactic acid implies the formation of 
some other acid m addition to lactic acid 

From the mitial experiments the impression w as gamed that more glucose 
was utilized than could be accounted for by lactate formation Such 
also is the impression gamed from previous reports in the hterature 
When the chenucal data of the present studj’' were scrutmized for their 
analytical accuracy by means of per cent error m recoveries of known 
additions, many glucose determmations had to be omitted The remammg 
values show'ed a wide range of variation, but the spread corresponded to 
the distribution of the lactic acid analyses Thus from the data presented 
glucose utilization would seem to equal, or nearly equal, lactic acid forma- 
tion 

Grateful acknowledgment is made to Dr W H Summerson and Dr 
C 0 Warren for their interest and help m connection wnth the matenal 
presented here 


SUMMABY 

1 Thnty-eight e-speriments on the anaerobic and aerobic glycolysis 
m w'hole human blood are reported Manometric determmations are 
correlated -with chemical analyses for glucose utilization and lactic aci 
formation 

2 Anaerobic gtycolysis exceeds aerobic glycolysis, whether detemune 
manometrically by the evolution of COj or chemically by the formation 
of lactic acid 

3 The evolution of CO 2 exceeds the production of lactic acid, sug- 
gestmg the formation of additional acids 

4 Glucose utilization roughly parallels lactic acid formation 

5 The relative contnbution of erythrocytes and leucocytes to the 
glycolysis is discussed 
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EFFECT OP CALCIUM ON THE INHIBITION OF THE 
SUCCINIC OXIDASE SYSTEM BY cZ-«-TOCOPHERYL 
PHOSPHATE* 

Br STANLEY R AMES 

(From (he Laboratories of Dtshllation Pioducls, Inc , Rochester, New Yorh) 
{Received for publication, April 25, 1947) 

The involvement of vitamin E m muscle metabolism has been postulated 
on the basis of its action m nutritional muscular dystrophy This condi- 
tion IS induced by an msufScient mtake of vitaimn E and can be cured, 
except in its termmal stages, by the admimstration of vitanun E Particu- 
lar attention has been paid to a-tocopheryl phosphate (a-TPh) because of 
its water solubility This mvestigation was undertaken m an attempt to 
rationalize conflicting reports concerning the in vitro addition of a-TPh 
on the succmic oxidase system and as an attempt to ascertain the mecha- 
nism by which it exeits its efi’ect 

In this contribution a mechanism is developed for the action in vitro 
of d-a-TPfa on the succmic oxidase system, based on the ability of a-TPh 
to combme with calcium ions Inhibition of the succinic oxidase system by 
a-TPh may be explamed by the resulting low calcium lei el Conflicting 
data obtamed by previous investigators are rationalized and the relation- 
ships of calcium and vitamin E to muscle dystrophy are discussed 

Several mvestigators have related a-TPh and the enzymatic oxidation 
of succmic acid Houchm (1) indicated that high succmic dehydrogenase 
values foimd m muscle tissue from dystrophic hamsters vere lowered by 
in vitro addition of a-TPh Govier, Bergmann, and Beyer (2) shoved 
that a-TPh inhibits the succinoxidase system obtamed from the skeletal 
muscle of normal animals More recently, Govier, Yanz, and Grelis 
(3), m relating vitamin E and congestive heart failure, postulated that 
a-TPh inhibited DPNase (diphosphopyridmenucleotidase, coenzymo I 
nucleotidase) Houchm (4) reported uniform inhibition of a-TPh on succm- 
oxidase, cytochrome oxidase, and cytochrome reductase systems Basin- 
ski and Hummel (5) did not confirm the earlier work of Houchm (1), 
and reported that the succmic dehydrogenase activity of dystrophic hamster 
muscle homogenate is no different from that m normal tissue hlorgulis 
and Jacobi (6) have recently made the hypothesis that the calcium salt of 
a-TPh was involved m the in vitro effect of a-TPh on dystrophic muscle by 
modifying the adenosmetriphosphatase activity 

* Commumcation No 114 from the Laboratories of Distillation Products, Inc , 
Rochester, New York 
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The necessity of adding calcium ion for optimum activity in the aerobic 
determination of succmic dehydrogenase m tissue homogenates was dis- 
covered by Axelrod, Swingle, and Elvehjem (7) They further showed (8) 
that the “calcium effect” was mdirect and depended on the acceleration of 
the destruction of DPN (diphosphopyndine nucleotide, coenzyme I, 
cozymase), probably by activating DPNase Subsequent mvestigatora 
have found this to be a satisfactory hyipothesis, for instance, the extent of 
inhibition of succmic oxidase by cystme (9) is dependent on the incubation 
of tissue homogenate because of the destruction of DPN, which results in a 
uniform concentration of contanunatmg 4-carbon dicarboxyhc acids 


Methods 


Normal male albmo rats, approximately 8 weeks old, weighmg 200 gm 
and mamtamed on stock ration were used Animals were stunned by a 
blow on the head, decapitated, and drained of blood for a short time The 
tissues were rapidly removed, rinsed with glass-redistilled water, and nnme 
diately packed in finely cracked ice After coohng, bits of fat and connec 
tive tissue were removed, the tissues were blotted between moistened filter 
papers, and portions were rapidly weighed on a delicate torsion balance A 
homogenate of the tissue was prepared in ice-cold glass-redistilled water by 
means of the device described by Potter and Elvehjem (10) with a pre- 
chiUed tube and pestle The homogenate was immediately pipetted into 
the reaction vessels to which all other reactants had been previously 
added Dry W'eights of tissue were determmed by evaporation to constant 


weight m open crucibles m an electric oven at 110° 

A conventional Warburg constant volume respirometer at 37 0° was used 
m all experimental and analytical work and the pH w'as determmed with a 
Beckman pH meter (glass electrode) The activity of the succmic oxidase 
system was determined by the method of Schneider and Potter (11) ® 
which the components of the final reaction mixture (pH 7 4 ) are as follows 
0 40 ml of 0 25 M sodium phosphate buffer (pH 7 4) , 0 20 nil of 2 X lO"^ 
cytochrome c, 0 30 ml of 0 50 m spdium succinate, 0 10 ml of 0 0120 M 
calcium chloride, 0 10 ml of 0 0120 M alummum chlonde, 0 40 ml of ® 
2 0 per cent homogenate of rat hver, and glass-redistdled W'ater to make a 
total volume of 3 0 ml The gas phase w'as air, 0 20 ml of 10 per cen 
potassium hydroxide and a small strip of filter paper were placed m ® 
center well to absorb carbon dioxide The consumption of oxygen wi« 
measured manometrically The solution of sodium sucemate was p ace ^ 
m the side arm mid added after equilibration Additions of other compo 
nents were made at the expense of wmter Commercially prepare 
compounds were used throughout without further purification wi 
foUowmg exceptions Cytochrome c was prepared m these labora 
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from beef heart by a modification' of the method of Keilm and Hartree (13) 
and dialyzed against glass-redistilled m ater The sodium salt of d-a-TPh 
had been prepared m these laboratories ® 

EXPERIMENTAL 

The calcium salt of «-TPh was previously reported by Eppstem and 
Morgulis (14) to be insoluble, but it was necessaiy to determine whether 
conditions present m the enzymatic analysis would result m combmation 
between a-TPh and calcium ion Varymg amounts of calcium chloride 
were added to a senes of flasks contaming a uniform concentration of a-TPh 

Table I 


Specirophotomelnc Deierminatton of a-Tocopheryl Phosphate in Presence 
of Calcium Chloride 

The d-oc tocopheryl phosphate concentration is 2 6 X m throughout 


CaCii concentration 

X io« 

Ratio d-a CaClj 

d* per cent of control 


if 




0 

1 0 

100 


0 62 

1 0 2 

116 

6 5 

1 3 

1 0 5 

168 

2 0 

2 6 

1 1 

133} 

4 0 

5 2 

1 2 

1§ 


13 0 

1 5 



26 0 

1 10 

o§ 



* Optical densities ivere determined at 286 m^j in a 1 cm cell mth a Beckman 
ultraviolet spectrophotometer 

t Vs dy [N - 1) 

t The filtrate nas turbid and definitely colloidal in appearance 

§ Flocculent precipitate was formed 

At molar ratios of calcium chloride to a-TPh of 2 or more to 1, a vhite 
flocculent precipitate formed The mixtures were filtered through "VMiat- 
man No 40 papei and the filtrates analj’^zed spectrophotometrically for 
a-TPh The data presented in Table I shov that in aqueous solution, v hen 
the calcium concentration was 2 or more times greater than the a-TPh 
level, complete removal of a-TPh was effected At lover concentrations 

' The method is essentially that given by Potter (12), except that in the first and 
second filtrations a Sharpies supercentrifuge v as used 

* Appreciation is expressed to Dr J G Baxter for a generous supplj of sodium 
d a-tocopheryl phosphate The preparation had an Bi to at 2S6 of 34 9 and was 
estimated to be 90 per cent pure 
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of calcium chlonde, an unexplamed anomaly was observed, characterized 
by optical densities higher than the control values 
After the precipitates had been thoroughly washed and dned, they were 
decomposed with hot concentrated mtric acid The bulk of the acid was 
then evaporated and the residue taken up in redistilled water Elementary 
analysis showed the precipitate to be the monocalcium salt of a-tocopheryl 
phosphate 

CjiH^OtPCa Calculated, Ca 7 30, P 5 65, found, Ca 7 34, P 6 33 



FINAL MOLAR CONCENTRATION OF 
a - TOCOPHERYL PHOSPHATE 


Pig 1 Effect of calcium on the a tocopheryl phosphate inhibition of the succinic 
OMdase system Curve I, (O), CaCh concentration of 4 X 10~^ m, Curve II, (A), 
CaCb concentration of 8 X 10“< m, Curve III, (□), CaCb concentration of 20 X 10"* M 
The intersection of the vertical dotted line and the curves indicates that the solution 
IS equimolar in CaCl- and a-TPh Calcium is as added after a-TPh, which was added 
at the expense of w ater Other components of the succinic oxidase assay are given 
in the text 


Smce a-TPh reacts with calcium ions and, if present m sufScient concen- 
tration, would lemove them from solution, determmations were made to 
see whether the a-TPh inhibition of the succmic oxidase system could be 
reheved by the addition of more calcium chloride Senes of determina- 
tions were made at varying levels of a-TPh and at three levels of calcium 
chlonde, as diagrammed m Fig 1 The higher the concentration of ca - 
cium chloride, the higher the a-TPh concentration must be to inhibit the 
system to the same degree The inflection pomts of the inhibition curves 
(about 50 per cent inhibition) occur at approxunately the pomt of 1 ^ 

ratio of a-TPh to calcium chloride, which agrees with the known struc ure 
of the calcium salt It is evident that sufficient calcium chlonde can com_ 
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pletely relieve the inhibition of the succmic oxidase system occasioned by 
the addition of a-TPh 


Tabm II 


Effecl of Sequence of Calcium Addition on Inhibition Reaction 


d-a TPh concentration 

CaCIi concentration 

Per cent inhibition 

X 10« 

X 10< 

CaClj added before 

CaCla added after 
d-aTPh 

if 

It '• 



4 0 

4 0 

85 

52 


8 0 1 

52 

12 


20 0 

66 

6 

4 0 

40 0 

44 

0 

10 0 

8 0 

88 

68 

10 0 

20 0 

84 

27 


The order of adding reactants is as follows phosphate buffer, cytochrome c, 
aluminum chloride, calcium chloride (if added before a-TPh), succinate, a-TPh, 
calcium chloride (if added after a-TPh), water, and homogenate Other details of 
the sucoimc oxidase assay are given in the text 


Table III 

Effect of Glutamic Acid and DPN on a-Tocopheryl Phosphate Inhibition of Succinic 

Oxidase System 



d a TPh concen | 
tration X 10* 

CaClt concen 
tration X 10* 

Glutamic acid 
concentration ' 

DPN* 

concentration 

i 

Per cent 
inhibition 


if 

if 

if 

mg per 3 ml 


1 

4 0 

4 0 



54 

2 

4 0 

4 0 

(l) 0 0067 


37 

3 

4 0 

4 0 

(d) 0 0067 

1 

1 

54 

4 

6 0 

4 0 



93 

5 

6 0 

[ 40 

(l) 0 05t 


67 

6 

4 0 

' 8 0 



12 

7 

4 0 

; 80 


1 0 

54 

8 

4 0 

8 0 


1 Of 

63 


Components of the succinic oxidase assay are given in the text ■■ a-TPh, glutamic 
acid, and DPN solutions were added at the expense of water 

* Schwarz DPN 

t Added 20 minutes after succinate 

The addition of any substance that -will combine with calcium should 
function m the same way as a-TPh This is illustrated m Table II, show- 
ing the effect of the sequence of the calcium addition on the extent of 
inhibition Phosphate in the buffer reacts with calcium ion when it is 
added before a-TPh, particularly at the higher concentrations of calcium 
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chlonde This results m a lower level of calcium which is then more 
completely removed on addition of a-TPh The observed inhibitions are 
higher than normal and are almost independent of the amount of calcium 
used The inhibition of the succimc oxidase system was much less when 
a-TPh was added before calcium chlonde 
The previously reported stimulation by n-glutamic acid and the inhibi- 
tion by DPN of the succinic oxidase determmation were studied with an 
a-TPh-inhibited system (Table III) The addition of L-glutamic acid to a 
strongly inhibited succinic oxidase system paitially relieved the inhibition, 
but the addition of n-glutamic acid ivas wnthout effect The addition of 
DPN to a succimc oxidase system slightly inhibited by a-TPh resulted m 
a pronounced increase m the extent of inhibition The addition of DPN 
after the reaction had proceeded for 20 mmutes resulted m a greater mcrease 
m the inhibition, probably because its specific substrate was m greater con- 
centration and the DPN could function more effectively before it was 
destroyed 


DISCUSSION 

The effect of calcium on the succimc oxidase system may be mdicated 
by the accompanying diagram 

As a result of this mvestigation it would appear that a-TPh may be 
inhibitmg the succmic oxidase system mdirectly by reducmg the calcium 
concentration and permittmg the formation of oxalacetate This hypothe- 
sis IS substantiated by the fact that a-TPh mutes with calcium ions m 
aqueous solution at levels comparable with those m the succmic dehydrogen- 
ase assay Addition of calcium relieves the mhibition occasioned by the 
presence of a-TPh The extent of inhibition varies mveisely with the con- 
centration of added calcium chlonde at any one a-TPh level This is fur- 
ther illustrated by the effect of the sequence m which calcium and a-TPh 
are added on the extent of inhibition When calcium is added prior to 
a-TPh, any amount above a certam critical level is precipitated as the 
phosphate As a result a greater inhibition is observed than would be 
obtained when the same amount of calcium is added after a-TPh 

Accordmg to the accompanying diagram, L-glutarmc acid would be 
expected to relieve any inhibition occasioned by the formation of oxalace- 
tate and DPN would be expected to mcrease the inhibition Active 
transaminase necessary for this reaction is known (15) to be present in 
homogenates of normal rat hver Oxalacetate would transammate wi 
L-glutamate, and, as oxalacetate wms removed, inhibition of succmic 
dehydrogenase would decrease Since at equilibrium this reaction shows 
75 per cent transammation (16), an appreciable reduction m inhibition 
would be observed The data show that the addition of n-glutamic aci 
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results m decreased inhibition but n-glutamic acid, which does not function 
in the transaminase system, has no effect (Table III) On the other hand, 
the addition of DPN should result m increased inhibition, smce more 
oxalacetate woidd be formed if the malate system weie functionmg The 
data show a marked increase m inhibition upon the addition of DPN, and 
a greater effect when the addition is delayed until the malate concentration 
mcreases and is available for leaction before the added DPN is destroyed 
by the previously activated DPNase 

Tire foUowmg mechanism is proposed to e\plam m part the inhibition 
of the succmic oxidase system by a-TPh Wlien a-TPh is added in mlro, 
it combmes with calcium, which is an mtegral part of the succmic dehydro- 
genase assay method of Schneider and Potter (11) The calcium concen- 
tration IS decreased below the critical level necessary to activate DPNase, 
and the DPN-linked malate system functions as a result Oxalacetate 
produced m the malate system inhibits succmic dehydrogenase, vnth the 
over-all effect of the inhibition of the succmic oxidase system on the addi- 
tion of a-TPh This mechamsm does not preclude the possibility of a-TPh 
directly mhibitmg the succmic oxidase system, but a considerable portion 
of the obseiwed inhibition can be attributed to its mdirect action on the 
calcium concentration Any assay method with calcium, magnesium, or 
other alkalme earth metal as part of the reaction mixtme is not suitable for 
the determmation of the effect of the addition of a-TPh » 

The conflictmg data of Houchin (1) and Basmski and Hummel (6) may 
be rationalized on the basis of the above mechanism for a-TPh inhibition 
of the succmic oxidase system Houchm determmed succinic d^hydrogen- 
ase by an early method and used 20 y per cent’ of calcium m the buffer 
(oi a maximum concentration of 0 6 7 of calcium per flask) Basmski and 
Hummel, on the other hand, usmg the same method as the author, em- 
ployed the addition of calcium chloride to a final concentration of 4 X 10 
(48 7 of calcium per flask) ’ Houchm’s succmic dehydrogenase determma- 
tions of normal tissues were low, smce sufficient calcium was not present, 
but when tissues from dystrophic animals were used, contaming consider- 
able calcium, sufficient calcium was present in the homogenate itself to 
laise the assay values to the true levels As a result, the inhibition pro- 
duced by a-TPh was interpreted as restoimg the activity to a norma 
which m itself was low Their conflictmg data, therefore, can be explame 
entirely on the basis of the difference m the calcium level employed 

Govier et al (3) found that the addition of a-TPh to a vitamm E-deficien 
lactic dehydrogenase system resulted m a marked inhibition and appar 
ently also protected agamst breakdown of DPN These and smnlar 0 

’ Basinsla and Hummel (5) erroneously reported Houchin’s calcium concentrat) 
as 20 mg per cent and Schneider and Potter’s as 20 mg per flask 
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servations were interpreted as resulting from an inhibition of DPNase 
On the basis of the present data, it would seem that this inhibition may be 
explained by the lack of activation of DPNase, due to low calcium levels 

In addition to his observations on tissue homogenates, Houchm (1) 
reported experiments m which the high oxygen consumption of dystrophic 
rabbit and hamster muscle (17) was lowered 40 per cent and tonard normal 
by the addition of a-TPh to the medium A high calcium level would 
result m an mcrease m activity of enzyme systems needmg calcium for 
activation, e g DPNase, accompamed by an inhibition of DPN-lmked sys- 
tems, e g malic dehydrogenase In view of the previously reported high 
calcium content of dystrophic muscle (18), the marked effect of calcium 
m modifymg enzymatic activities (6, 7), and the ability of a-TPh to com- 
bine with and remove calcium, the abnormally high oxygen uptakes 
observed m dystrophic muscle slices may be attributed to the mcreased 
calcium deposition m the dystrophic ammal 

SXJMMABY 

1 A reaction occurs m aqueous solution between calcium chloride and 
d-a-tocopheiyl phosphate at a molar ratio of 2 or more to 1, which com- 
pletely removes d-a-tocopheiyl phosphate from solution by the formation 
of the monocalcium salt 

2 Inhibition of the succmic oxidase system by d-a-tocopheryl phosphate 
can be relieved by addmg calcium chloride The extent of inhibition 
varies mversely with the concentration of added calcium chloride 

3 When d-a-tocopheryl phosphate is added before calcium chloride, the 
inhibition of the succmic oxidase system is much less than when it is added 
after calcium chloride 

4 The addition of L-glutamic acid to a succmic oxidase system stronglj’- 
inhibited by d-«-tocopheryl phosphate paitially relieves the inhibition, but 
the addition of n-glutamic acid is without effect 

5 The addition of diphosphopyridme nucleotide to a succmic oxidase 
system shghtly inhibited by d-a-tocopheryl phosphate results in a pro- 
nounced mcrease m the extent of inhibition 

6 A mechamsm of d-a-tocopheryl phosphate inhibition of the succmic 
oxidase system is proposed, based on the lemoval of calcium ion and the 
resultmg lack of activation of diphosphopjoidmenucleotidase The pres- 
ence of diphosphopyridme nucleotide results in the inhibition of succmic 
dehydrogenase by oxalacetate foimed from the diphosphopjTidine nucleo- 
tide-lmked malate system 

7 Confhctmg results of previous mvestigators are rationalized and 
explamed on the basis of the proposed mechamsm 

8 The high oxygen uptakes observed m d 3 ’’strophic muscle slices ma}^ 
be attributed to the mcreased calcium deposition m the d 3 ’’strophic animal 
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TOCOPHEROLS (VITAMIN E) IN MILK THEIR CHEMICAL 
DETERMINATION AND OCCURRENCE IN HUAIAN MILK* 

By MARY LOUISE QUAIFE 

{From the Laboratories of Distillation Products, Inc , Rochester, A ew York) 
(Received for publication, April 25, 1947) 

The method of Quaife and Hams (1, 2) for the estimation of vitamm E m 
blood plasma has been adapted to the determmation of total tocopherols 
m milk 

The quantities of milk, ethanol, and purified Skellysolve B (SSb) used 
m the extraction mixture are mcreased proportionately as needed For 
cow’s milk the mcrease is 6-fold An aliquot of the SSb layer (e g , five- 
sixths of the total) is evaporated to dr 3 mess under mtrogen and the residue 
dissolved to a total volume of 10 ml with all mixture of ethanol-cyclo- 
hexane This IS hydrogenated, as previously described for blood plasma 
(2), for 1 to 3 minutes as needed to saturate the carotenoids with hydrogen, 
so that they do not mterfere m the colorunetnc assay for tocopherols 
The tube is corked and centrifuged to separate the catalyst 8 ml of the 
supernatant are assayed by the Emmerie and Engel reaction, accordmg 
to the techmque previously described (1) 8 ml of the same solvent are 

used for a blank The vitamm E content is calculated from cahbration 
data obtamed with a solution of pure, natural d-a-tocopherol dissolved 
mil ethanol and cyclohexane 

Satisfactory recoveries (95 per cent) were obtained on addmg a-toco- 
pherol to the extraction mixture and assaymg This recover 3 '’, despite the 
large amount of fat contamed m the Emmerie and Engel reaction solution, 
mdicates httle or no inhibition of the colorunetnc reaction This was 
confirmed by direct comparison of the colorimetric reaction mixture con- 
tammg a-tocopherol with and ivithout comparable amounts of butter fat 
No color inhibition was found Tocopherol cannot be concentrated from 
butter fat accordmg to the molecular distillation technique as from other 
food fats (3) because of the laige proportion of Ion molecular v eight tri- 
glycerides which distil with it 

Values for a number of samples of wmter cow’s milk vere determmed 
by Swanson, 1 who found a range of 0 08 to 0 15 mg of tocopherol per 100 
ml This corresponded to 17 to 30 y per gm of butter fat A group of 
summer milks (4) had a mean of 42 y per gm of butter fat (about 0 17 

* Communication No 112 from the Laboratories of Distillation Products, Inc , 
Rochester, New York 

* Swanson, W J , unpublished data 
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mg per 100 ml ) These values are m agreement with others in the litera- 
ture which range from 25 to 44 7 per gm of butter fat (5-7) 

Fifteen samples of human milk, which were collected withm 1 veek 
after parturition, were assayed for vitamin E ® The values found range 
from 0 13 to 3 6 mg per 100 ml of milk 01 76 to 1800 7 per gm of fat 
Twelve of the fifteen levels exceeded 200 7 per gm of fat Four composite 
samples of later human milk (from fourteen mothers in the 1st to 8th 
months of lactation) showed levels of 0 11 to 0 15 mg of tocopherols per 
100 ml of milk, or 37 to 58 7 pei gm of fat Thus the majority of the early 
milk samples assayed had much higher vitarmn E levels than those of later 
samples of either human or cow’s milk Kofler has reported vitamin E 
levels m human milk on three samples, ivith the time of collection unspeci- 
fied, to be 0 5, 1 6, and 3 6 mg per cent (6) 

SUMMAHY 

A Simple method for the determmation of vitamm E m milk is given 
which is a modification of the plasma method of Quaife and Harris (1, 2) 
Human milk samples which were obtamed durmg the 1st week after par- 
turition showed values of 0 13 to 3 6 mg per 100 ml , the majority being 
much richer m vitamm E than the later milk samples, which had a mean 
level of 0 14 mg per 100 ml 
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THE AMINO ACID COMPOSITION OF ANTERIOR 
HYPOPHYSEAL GROWTH HORMONE* 

Bv A L FIl4JSriCLIN,t CHOH HAO LI, j^b MAX S DUNN 

{I'ro7n the Department of Chemistry, the University of California, Los Angeles, and 
the Irstitute of Experimental Biology, Umicrsity of California, Bcikclcy) 

(Received for publication, Maj 9, 1947) 

A growth hormone, isolated from the anterior lobes of o\ pitmtanes by 
Li cl al (2, 3), was shown to be homogeneous by electiophoretic, diffusion, 
and solubihty measurements The molecular -weight of this puiified pro- 
tem was estimated by an osmotic pressure method and the ammo acid 
composition was determmed by microbiological (glutamic acid) and color- 
imetnc (cysteme, t 3 Tosine, and tryptophan) procedures More recently, 
Li (4) determmed the cystine and methiomne content of the growth hor- 
mone by colonmetnc methods In the present studies, the percentages of 
thirteen ammo acids m this product have been detemuned by micro- 
biological assay procedures 


EXPERIMENTAL 

The punfied preparations of the growth hormone were those described 
m Sections 4 (Sample L1-445E), 5 (Sample L1-498B), and 6 (Sample Ll- 
464D) given m a pre-vious paper (3) All weighmgs were made -with the 
aid of a semimicro balance Moisture was determmed b}*- heating approM- 
mately 12 mg samples to constant weight at 70° m a vacuum oven Acid 
hydrolysates for the determmation of eleven ammo acids (see Table I) 
were prepared by heatmg 38 to 80 mg of sample and 2 ml of 3 8 N hydro- 
chlonc acid in a sealed tube for 6 hours at 120° Alkalme hydrolysates 
for the determmation of tr 5 T)tophan and tyrosme were prepared by heatmg 
11 to 25 mg of sample and 2 ml of 5 N sodium hydroxide m a sealed tube 
for 10 hours at 120° The imcrobiological assay procedures described 
previously -were employed for the determmation of argmme and tjTosme 
with Laciobactllus casei e, aspartic acid, gljxine, Ij'sme, and phenylalamne 

* Paper 40 For Paper 39, see Rockland and Dunn (1) This work was aided bi 
grants to one of us (M S D ) from the Nutrition Foundation, Inc , Difco Labors 
tones, Inc , Merck and Company, Inc , Standard Brands Incorporated, and the 
Unnersity of California (Los Angeles), and to one of us (C H L ) from the Rocke- 
feller Foundation and the Research Board of the Universitj of California (Borkelcj ) 
The authors are indebted to H Block, M N Camien, and S Shankman for technical 
assistance 

t Present address, Lederle Laboratoncs Division, American Cjanamid Compani , 
Pearl River, New York 
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•With Lenconostoc mesenteroides P-60, glutamic acid, isoleucme, leucme, 
tryptophan, and vahne "with Laclobacillus arabinosus 17-5, and histidine 
and methionine -with Lactobacillus fermenii 36 In all cases the assays were 
run m tnphcate at five levels of sample •with 3 ml final volumes of solutions 


Tabij: I 

Per Cent of Thirteen Amino Acids in Three Preparations of Growth Hormone 


Ammo acid 

Sample No • 

Ll-445Et 

Ll-49SBt 

L1-4«D§ 

Arginine 

8 1 

7 8 

9 1 

Aspartic acid 

9 7 

8 8 

9 0 

Glutaimc “ 

12 9 

12 6 

13 0 

Glycine 

4 3 

3 7 

3 8 

Histidine 

2 6 

2 6 

2 65 

Isoleucme 

3 8 

3 3 

4 0 

Leucine 

10 1 

10 9 

12 1 

Lysine 

6 9 

6 7 

7 1 

Methiomne 

2 6 

2 5 

2 9 

Phenylalanine 

7 1 

7 3 

7 9 

Tryptophanll 

0 97 

0 83 

0 84 

Tyrosmell 

4 6 

4 4 

5 2 

Valine 

4 5 

3 9 

3 9 

Total 

78 2 

75 3 

1 

81 5 


•Averages of six determinations found previously (3) ivitli two growth hormone 
preparations Colonmetnc analysis, cysteine, 0 00 per cent, tryptophan, 0 92 per 
cent, tyrosine, 4 30 per cent, microbiological assay, glutamic acid 13 40 per cent 
Averages of nine determinations found previously (4) by colorimetric analysis of 
four samples of grow th hormone preparations cystine 2 25 ± 0 05 per cent and 
methiomne 3 06 ± 0 08 per cent Within the limits of experimental error, methio 
nine and cystine accounted for total sulfur (1 30 per cent) determined by the Canus 
method 

t Average of three values corrected for moisture (3 5 per cent) and ash (0 0 per 
cent) 

t Average of two values corrected for moisture (6 6 per cent) and ash (0 0 per 
cent) 

§ Single determination of phenylalanine, tryptophan, and tyrosine, each other ng 
ure, average of tv o values All values corrected for moisture (6 2 per cent) and as 
(0 0 per cent) 

II Alkaline hydrolysate, all others, acid hydrolysates 

The response of the orgamsms was measured by titration ■with approxi- 
mately 0 1 N alkah -with bromothymol blue indicator 

The experimental and calculated results are given m Tables I ano 
The probable relatively high rehabihty of the microbiological assay da is 
indicated by the mean de-viations from the mean values at the dinere 
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levels of samples •whicli ranged from 1 5 per cent for isoleucme to 7 per cent 
for tyrosme and averaged 3 8 per cent for the thirteen ammo acids deter- 
mined m Sample L1-464D The average mean deviation from the mean 


Table II 

Molecular Weight, Ammo Acid Residues Per Mole, and Corrected Per Cent of Amino 

Acids in Growth Hormone 


Amm o acid 


Growth honnone (Sample L1-464D) 


Name 

1 

In growth 
hormone 
(Sample , 
L1-464D) 

Minimum 
mol wt • 

Amino acid residues per mole 

Minimum 
mol wt 5 

Ammo 
acid in 
growth 
hor 
monel 

Calcu 

Utedt 

Esti 
mated ' 

Calculated^ 

Esti ; 
mated 


per cent ■ 







Per cent 

Argimne 

9 1 

1,914 



24 4 

24 

1,950 

8 93 

Aspartic acid 

9 0 

1,479 



31 7 

32 

1,462 

9 10 

Glutamic “ 

13 0 

1,131 



41 4 

42 

1,114 

13 2 


13 41f 

1,098 



42 7 




Glycme 

3 8 

1,977 



23 7 

24 

1,950 

3 85 

Histidine 

2 65 

5,853 

7 5 

8 

8 

8 

5,850 

2 65 

Isoleucme 

4 0 

3,275 



14 3 

14 

3,343 

3 92 

Leucine 

12 1 

1,083 



43 3 

43 

1,088 

12 0 

Lysine 

7 1 

2,059 



22 7 

23 

2,036 

7 18 

Methiomne 

2 9 

5,145 

8 6 

9 

9 1 

9 

5,200 

2 87 


3 1** 

4,813 

9 2 


9 6 




Phenylalanine 

7 9 

2,091 



22 4 

22 

2,127 

7 77 

Tryptophan 

0 84 

24,309 

1 82 

2 

1 92 

2 

23,400 

0 87 


0 9211 

21,750 

2 03 


2 15 




Tyrosine 

5 2 

3,845 



13 5 

12 

3,900 

4 64 


4 311 

4,214 



11 1 




Vahne 

3 9 

3,003 



15 6 

16 

2,925 

4 00 


* Mol wt of amino acid to per cent of ammo acid in growth hormone X 100 
t (44,250, mol wt found by Li et al (3))/(immmum mol wt ) 

1 46,800 (estimated mol iv t )/(minimum mol wt ) Mol wt estimated from 
histidine data (5853 X 8) 

§ 46,800 to estimated ammo acid residues per mole 

(I (Mol i\t of ammo acid X 100)/(estimated minimum mol wt ) 

If Value found by Li et al (3) 

** Value found by Li (4l 


was 3 5 per cent for these ammo acids determmed m Samples L1-445E 
and L1-498B 


DISCUSSION 

The ammo acid composition of the three products prepared by successive 
sodium chlonde fractionation, pH and ammomum sulfate fractionation, 
and isoelectnc precipitation is shown m Table I It is of mterest that the 
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pioceduie The numbei of amino acid lesidues per mole of giowth hor- 
mone and the coi reeled percentages of ammo acids have been detei mined 

BIBLIOGRAPHY 

1 Rockland, L B , and Dunn, M S , Anal Chem , in press 

2 Li, C H , and Evans, H M , Science, 99, 183 (1944) 

3 Li, C II , Elans, H ISI , and Simpson, ME,/ Biol Chem , 169, 353 (1945) 

4 Li, C H , Federation Proc , 6, 144 (1946) 

5 Dunn, M S , and RocIJand, L B , Arch Biochem , 11, 89 (1946) 




ON THE PROTEOLYTIC ENZYMES OF ANIMAL TISSUES 

VI DEHYDROPEPTIDASE* 

Bv WARREN H YUDKINf and JOSEPH S FRUTON 

{From the Department of Physiological Chemistry, Yale University, New Haven) 

(Received for publication. May 1, 1947) 

In 1932, Bergmann and Schleich (1) established the presence, m glycerol 
extracts of sinne and sheep kidney and of commercial pancreatin, of an 
enzyme which they named dehydropeptidase This enzyme was found 
to catalyze the hydrolysis of dipeptides of a,/3-unsaturated ammo acids 
Thus, glycyldehydrophenylalamne (GdP) gave, on enzymatic hydiolysis, 
phenylpyruvic acid, ammoma, and glycme, according to the folloinng 
equation 

CH C,Hs CH, C.H, 

0 I 

NH, CHj CO— NH C COOH NHj CHj COOH + NH, + CO COOH 

Similarly, glycyldeh 3 ’'dioalamne (GdA) was split to pyruvic acid, ammoma, 
and glycine More recently, Greenstem and Leuthardt (2) have shown 
dehydropeptidase activity to be present in aqueous extracts of many 
normal and neoplastic mammalian tissues The wide-spread distnbution 
of this enzyme has given support to the possibihtj’’ that peptides of a,)3- 
unsaturated ammo acids represent active participants m intermediaiy 
protein metabolism (3) For this reason, the punfication of dehydropep- 
tidase and a closer investigation of its properties have seemed desirable 
The present commumcation deals with the kmetics and activation be- 
havior of the enzyme, from rat kidney, which hydrolj''zes GdP 

SpeclrophotoTTieinc Assay of Dehydropeptidase Activity — In the imtial 
studies on dehydropeptidase, Bergmann and Schleich followed the rate of 
hydrolysis by titration of the hberated carboxyl groups, according to the 
method of Grassmann and Heyde (4) Gieenstem and Leuthardt measured 
the extent of hydrolysis by determmation of the ammonia produced 
Recently, Carter and Greenstem (5) have foUoved the action of dehj’-- 
dropeptidase on GdA by means of a spectrophotometnc method in which 
there is measured the rate of the disappearance of the characteristic ultra- 
violet absorption of GdA at 2400 A 

* This study was aided by grants from the Amencan Cancer Society (on recom- 
mendation of the Committee on Grov th of the National Research Council) and the 
Rockefeller Foundation 

t National Institute of Health Jumor Research Fellow 
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The expenments to be descnbed in this papei have also involved the 
use of a spectrophotometric assay for enz3Tne activity, in vhich GdP 
served as the substrate foi debj^dropeptidase As has been noted pre- 
viously (6), the deiivatives of aiomatic dehydroamino acids exhibit striking 
ultraviolet absoiption spectia m the legion 2700 to 3300 A and are es- 
pecially suitable for biochemical studies m the presence of tissue extracts 
which absoib stronglj” neai 2'100 A, the legion in which the derivatives of 
ahphatic dehj’^droammo acids shoii selective absorption It is apparent 
from Fig 1 that, at pH 8, the ultiaviolet absoiption spectrum of GdP 



2400 2800 3200 
Wavelength (A) 

Fig 1 Absorption spectra of glj cyldehydropbenylalanine at various pH values 
Curve a, pH 2, Curve b, pH 8 


has a high, sharp peak at 2800 A At this wave-length, the inolecu ar 
extinction coefficient e equals 17,440 At pH 2, GdP absorbs maxima y 
at 2840 A (e equals 20,280) A mixtuie in equimolar proportions of t e 
split-products of dehydi opeptidase action, phenvlpynivic acid, glyc®®> 
and ammonia, shows, at pH 8, onlj’- slight absoiption at 2800 A 
458) Over a period of 1 to 3 day^s at 25°, phenylpyriivic acid may 6 
compose slowlj’- to form benzaldehj’'de, which, at pH 8, has an ahsorp mn 
coefficient of 1310 at 2800 A These data indicate the feasibilitj'^^o 
spectrophotometric assay of dehydropeptidase vnth GdP as the 
Enzyme preparations were obtained from lat kidneys by 
tissue in a mortar with acid-washed sand Water was then ad e 
cc per gm of tissue), the mixtuie was adjusted to pH 8 with N i ^ ' 

and allowed to stand at loom temperature for 1 hour wnth frequent s irr 



W H YUDKIN AND J S PRUTON 


623 


The extract was decanted, and to it theie as added an equal volume of 
satuiated sodium sulfate The pH was then adjusted to 5 to 6 mth n 
HC l, and the lesulting piecipitate uas lemoved by filtration with the aid 
of Hyfio Super-Cel or bj’’ centrifugation In this manner, theie were 
obtained enzjrme extiacts of somewhat variable activit 5 ^ When stored 
at 0°, the enzyme preparations letained then potency for several months 
No preservative was used at any tune 

Tabub I 

Kinehcs of Dehydropepttdase Action 

Substrate, glycyldehydrophenylalamne (GdP) (5 7 X 10~‘ m), pH 7 9 (0 05 m 
phosphate buffer) , temperature, 25 3° 


Enzyme 

concentration 

Time 

£• 

1 


Hydrolysis 

Acdp X 10*} 

Ccdp X 10 * 

(average) 

mt prufetn iV* 
per cc 

mtn 

1 




per cent 

■ 




0 018 

0 

1 

000 





■ 





97 

0 

873 1 

0 

127 1 

12 

7 

0 

610 




135 

0 

822 

0 

178 

17 

8 

0 

635 




262 

0 

692 

0 

308 

30 

8 

0 

610 

3 

4 

0 037 

0 

0 

975 










74 

0 

820 

0 

165 

15 

9 

1 

01 




111 

0 

749 

0 

226 

23 

2 

1 

04 1 




216 

0 

610 

0 

365 

37 

6 

0 

945 

3 

7 

0 036 

0 

0 

978 










40 

0 

877 

0 

101 

10 

3 

1 

20 




74 

0 

792 

0 

186 

19 

0 

1 

24 




111 

0 

720 

0 

258 

26 

4 

1 

20 

3 

4 


* Optical density (log I/Io) determined with the spectrophotometer A control 
experiment without the substrate i\ as used as the comparison blank 

t Decrease in optical density, E: — Et, where E{ is the optical density at time t 
and Eti is the optical density at the start of the hydrolysis 
IK = 1/t log (100/100 — per cent hydrolysis) 

The test system foi the assay^ of dehj'^diopeptidase activitj' contained, 
per 5 cc of leaction mixture, 2 5 cc of 0 1 ai phosphate buffer (pH 7 9), 
1 cc of a solution of the substrate (GdP 2 H 2 O (7)), and 0 05 to 0 2 cc 
of the kidney extract The substrate concentration in the test S 3 'stem 
IS given in Tables I to Foi each run, a comparison blank uas set 
up as a control m uhich the substrate solution uas omitted Both the 
expeiimental and control flasks were incubated in a constant temperature 
water bath and remo\ ed at suitable time inten als for spectrophotometnc 
measuiement by means of a Beckman ultraviolet spectrophotometer 
The rate of hj’^drohsis of GdP was determined from the optical density, 
at 2800 A, of the mixture in the experimental flask, read against the cor- 
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responding comparison blank The pH values of the incubation mixtures 
at the start and at the end of each run vere checked by means of a glass 
electi ode assembly 

KmeUcs of Delnjdiopephdasc Action — ^PieMOUS noikers (1, 2) haie 
followed the action of dehj di opeptidase at 37-40° It nas noted in the 
piesent studj" that, at these temperatiues, satisfactoiy rate constants 
could not be calculated from the hvdrohdic data When the expenments 
veie conducted at a loiiei tempeiatuie (25 3°), honeier, the imtial rate 
of enzymatic action accoided well with the Icmetics of a fimt order reaction 
(c/ Table I) For this reason, all subsequent expenments on the rate of 
dehj'^dropeptidase action were performed neai 25° From the data in 
Table I, it will be noted that the fiist oidei xelocity constant If cap is 
proportional to the amount of enz3’-me m the test solution Tlie pro- 
teolytic coefficient Ccap (dehned as per mg of piotein N per cc of 
test solution (8)) max" be used, therefore, to follow the purification of 
dehj'dropeptidasc 

Examination of the kinetic data showed that, aftei about 35 per cent 
of the substiatc had been hjdioUzed, the fimt oidei xelocity constants 
decreased and, xxhen 65 pei cent hj'diotysis had been attained, the rate 
was negligiblj' slow It does not appear probable that this effect is 
due to the mhibitoij action of the pioducts hbeiated on hydrolysis since, 
when phenjdpyruMc acid, glj'cine, and ammonia (concentration, 5 X 
10“® Ji) were added at the stait of the reaction, no appreciable decrea'e 
in the initial i ate of lydrolysis w as obserx ed The possibiht}’^ that the 
cessation of hj drotysis at 65 pei cent might be due to the estabhshment 
of an equilibiium between GdP and its split-products is unlikely, since no 
inciease in absorption at 2800 A was obsened xxhcn phenjdpjaon ic acid, 
glj’-cme, and ammonia were incubated for 48 houis with dehj dropeptida^ 
at pH 7 9 and 25° Similaily, no appaient sjmthesis of GdP could be 
noted when gljminanude xvas incubated wath phenylpyruvic acid m t e 
presence of dehydiopeptidase It has been postulated recently (9, J 
that keto acids maj condense w ith ammo acid amides m the presence 
suitable tissue ex-tracts The possibilitx’’ that the change in the 
of dehj dropeptidase action upon piolonged incubation might be ue 
changes in the pH of the test solution was ruled out by detennmations 
of the pH at the stait and the end of the leaction , 

pH Dependence of Dehydropeplidase Activity — ^Beigmann and c eic 
(1) repoited that the optimal pH foi the action of glycerol 
pancreatin on GdP x\ as near 7 8 In the present stud}”-, it xvas foun 
the pH optimum for lat ladnej’’ dehydiopeptidase is at 8 0 
Of particular interest was the extremelj’- shaip chaiacter of the p ^ 

ence curxe, xxluch indicated that changes of 0 2 of a pH umt m e 
pH 7 to 9 can markedlj’- alter the rate of enzymatic action 
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A study of the effect of pH on the stability of dehA^diopeptidase shoiAcd 
that it was lapidly inactivated at 25° at pH 3 or pH 11 5 (Table II), but 



pH 

Fig 2 pH optimum of dehydropeptidase Concentration of buffers, 0 025 m 
X, citrate buffer, O, phosphate buffer, A, phosphate-borate buffer, □, borate- 
carbonate buffer, temperature 25 6° Enzyme concentration, 0 035 mg of protein 
N per cc of test system 


Table II 

■pH Stability of Dehydropeptidase at Z6° 

The pH of the enzjune solution (2 cc ) was adjusted bj the addition of suitable 
amounts of 0 1 n hydrochloric acid or 0 1 n sodium hydroxide and the volume vas 
brought to 2 5 cc After incubation for 2 and 25 hours at 25°, 0 2 cc aliquots of each 
enzyme solution vere removed and assayed for enzyme activity toward glycjldeh} 
drophenylalanme (GdP) at pH 7 9, as described in Table I Enzjme concentration, 
0 034 mg of protein N per cc of test solution 


1 

pH of enzyme solution 

■'^GdP 

X in' 

After 2 hrs 

After 25 hrs 

3 2 



6 5 

0 863 

1 05 

7 4 


0 782 

9 6 

0 591 

0 830 

11 5 




retained its actmty at pH xalues near neutrality Xo satisfactory ex- 
planation can be offered at present for the slight increase in enzxTnatic 
activity' noted following incubation for 25 hours at pH G 5 or pH 9 G 
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Effect of Phosphate on Dehydropephdase Action — It 'has been reported 
by Carter and Greenstera (10) that the presence of graded concentrations 
of phosphate buffer of pH 7 1 results m an mci easing inhibition of deh}^- 
dropeptidase action on GdA, as the phosphate concentration is raised 
Since the kinetic studies descnbed m an earher section of this paper involved 
the use of phosphate buffers, a remvestigation of the reported inhibition 
by phosphate appeared necessary It was found that ladaey extracts winch 
had been dialyzed against 3 per cent sodium chlonde solution for 15 hours 

Table III 

Effect of Phosphate on Dehydropeptidase 
To 1 cc of glycyldehydrophenylalamno (GdP) solution (contsining 0 072 mg of 
GdP 2HiO) , there v ere added 0 2 cc of kidney extract (containing 0 13 mg of protein 
N) and enough v ater to make the volume 5 ce The comparison blank, as in pre\ lous 
experiments, contained no substrate At the start of the hydroljsis, and every 15 
minutes thereafter, 0 2 cc of 0 001 n sodium hydroxide vas added to the experimental 
flasks, and 0 14 cc of alkali plus 0 06 cc of water was added to the blanks It had 
been determined previously that these additions were required to maintain the pH 
of the unbuffered solutions at pH 7 9 

A second set of experiments was set up in which, in addition to substrate and 
enzyme solution, there were present 2 5 cc of 0 1 u phosphate buffer (pH 7 9) At 
the same time that alkali was added to the unbuffered series, water (0 2 cc ) uss 
added to the senes containing phosphate In this manner, the volumes of all the 
solutions were kept the same throughout the experiment 

The pH of each solution was determined elcctrometrically at the start and at the 
end of the experiment, and in all cases wras found to be 7 8 to 7 9 


Tune 

Hydrolysis 

No phosphate 

Plus phosphsle 

win 

per cent 

fer cent 

65 

7 7 

6 1 

68 

10 6 

9 6 

118 

15 4 

12 8 

131 

17 7 

18 2 


at 0° showed little difference m enzymatic activity toward GdP, whether 
phosphate or box ate buffei (0 05 m, pH 7 9 to 8 0) was used in tlie tes 
system For the same ludnej’’ ext i act (0 2 cc pei 5 cc of test solution), 
undei the experimental conditions given m Table I, the Kcdr 
to be 6 1 X 10“'* in the piesence of phosphate, and 6 4 X 10“^ m the piesence 
of borate To obviate the possibility that borate and phosphate ha\e a 
comparable inhibitoiy effect, the hydrolytic reaction w^as also pcrfoinie in 
unbuffered solution In this case, howevei, it was essential to mam a 
the leaction mixture at pH 7 9 by the addition of 0 001 n sodium 
during the couise of the hydiolysis Unless tins is done, changes m 
pH of the test solution, due to autolysis of the kidney extract, are o 
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ficient magnitude to affect markedly the late of enzjmiatic action (c/ 
Fig 2) The data in Table III indicate that the imtial rate of hydrolysis 
of GdP lat kidney dehydropeptidase at pH 7 9 is essentially the same 
m the presence and the absence of phosphate 
The discrepancy between the data presented above and the conclusions 
diawn by Carter and Greenstem may well arise from the fact that these 
mvestigatom conducted their studies in a system having an mitial pH 
of 7 1 and contaimng no buffei other than the tissue extract, the substrate 

Tabue IV 

Inhibition of Dehydropeptidase 

Substrate, glyoyldebydropbenylalaaine (GdP) (5 X 10~^ ai), pH 7 9 (0 05 m phos 
phate buffer), temperature, 25 7° Enzyme concentration, 0 W6 mg of protein N per 
cc of test system The comparison blanks (without substrate) contained the in- 
hibitors in the same concentration as the comparable experimental flasks The 
solutions of cysteine, cyanide, and sulfide were brought to pH 8 prior to their addi- 
tion The concentration of the neutralized sulfide solution nas checked by 
lodometnc titration 


Inhibitor 

Concentration 

■^GdP ^ 

Inhibition 

None 

Af 

1 

0 56 

per cent 

Cyanide 

0 010 

0 00 

100 


0 002 

0 36 

36 


0 001 

0 54 

4 

Cysteine 

0 010 

0 12 

79 


0 002 

0 22 

61 


0 001 

0 41 

1 27 

Sulfide 

0 0006 

0 00 

100 


0 0003 

0 11 

80 


(GdA), or, as the hjfdiolj'^sis pioceeded, the spht-pioducts of enzjTuatic 
action With the concentrations of substrate employed in then experi- 
ments (about 0 0125 ji), it maji^ be expected that, in the absence of added 
buffer, the ammoma and gtycine hbeiated dunng the Indrohsis vould 
tend to cause the solution to become moie alkaline In \ lev of the maiked 
dependence of the rate of dehydropeptidase action on pH, and the pH 
optimum near pH 8, such changes m alkalinity of the test solution vould 
accelerate the reaction The addition of increasing concentrations of 
phosphate buffei at pH 7 1 vould tend to counteract this effect, and it is 
likely, theiefoie, that the obsened late of hjdrol 3 'sis of the substrate 
vould be slovest at the highest concentration of phosphate buffer 
InhihiHon of Delujdi opephdasc hy Cyanide, Cysteine, and Sulfide — The 
data in Table IV confirm the report of Bergmann and Schleich (1) that 
cyamde is an inhibitor of dehydropeptidase action It is of interest. 
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ho^\eve^, that, in order to attain approMmately 50 per cent inhibition, 
the cyanide concentration must be as lugh as 0 002 Ji It has not been 
possible, hoiie\er, to confinn the leport (1) that cysteine has no effect 
on dehj dropeptidase As will be noted from the data in Table IV,'cysteme 
IS appiOMmately as effectne an inhibitoi of the enzjmie as is cyanide 
Sulfide, on the other hand, is a more powerful inhibitor of dehydropeptidase 
than IS either cyamde oi cysteine, since sulfide concentiations of 0 0006 
Ai are suflficient to inhibit the enz3Tne activitj completelj" The pro- 
nounced mhibitorj' action of substances known to influence the enzjTnatic 
action of knowm metal-contaimng enzymes raises the possibility that 
dehydropeptidase belongs to this group of enzymes 

It has been postulated recently (2) that the hj^drotysis of cystine peptides 
bj'^ Iner extiacts to form pjruMc acid, ammoma, and h3’^drogen sulfide 
fiom the C3'^stine moiety of the peptide is due to the initial enznnatic 
desulfhydration of the 03 stme peptide to yield a peptide of deh3'droaIan]iie 
which then is cleaved 113’^ deh3'dropeptidase The pronounced inhibition 
of deh3’’dropeptidase b3’’ low concentrations of sulfide, reported m Table 
IV, suggests that this interpretation is subject to doubt 
Parhal Purification of Dehydropcpitdacc — The furthei study of the 
propel ties of deh3’^dropeptidase, and, m paiticular, its specificity of action, 
requires that an appreciable purification of the enzyme be effected Al- 
though it has been assumed in tins paper, and by previous investigators, 
that substrates such as GdP and GdA are split by the same enz3Tne, un 
equu ocal eAudence to proA e this assumption is lacking ^t has been re 
ported (11) that, in addition to an enz3Tne \Ahich sphts GdA, some ammd 
tissues contain a dehydiopeptidase winch can h3’’diolyix. chloroacetyl- 
dehydioalamne It may be mentioned that Bergmana and Schleich 
(1) found the tiipeptides gl3m3ddehydrophenylalan3dgl3Cine and glycjlda 
h3’^drophenylalanyl-L-glutamic acid (7) to be resistant to the enrymah® 
action of gtycerol extracts of pancreatin A similar result has been note 
in the present stud3'- AAith extracts of rat kidne3’’ It aahs found that t e 
absorption of these tw o compounds at 2800 A did not decrease marke ) 
following incubation wuth deh3’^dropeptidase for 26 hours at 25 

In piepaiation for the closer stud 3 ’^ of the specificity of dehydropepti a^j 
experiments haAe been imtiated on the purification of the enzynne 
has been found that a rat kidney extract AA^bich has a proteolytic coe ^ 
ficient Ccdp of 0 027, Avhen dialyzed agamst distilled water for 21 hours a^ 
0°, yields a copious precipitate The extraction of this precipitate 
5 per cent sodium chlonde gives a solution having a C oap ® _ 

alysis of the crude extract against saline instead of w'atei gives no pr^iP 
tion and results in no appreciable change m the proteolytic coe ^ ^ 
It would appear, therefoie, that dehydropeptidase activity is nsso 
with the globuhn fraction of the tissue extract 
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SUMMARY 

A spectrophotometnc method uas emploj^ed to determine the rate of 
hydrolysis of glycyldehydrophenylalanine by dehydropeptidase fiom rat 
kidney The imtial late follows the kinetics of a first order reaction, the 
constant of winch is pioportional to the amount of enzjmie The actnitj 
of dehydiopeptidase is sensitive to small changes in pH, the pH optimum 
IS at pH 8 Cysteine, cyanide, and sulfide inhibit this enzyme 
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A senes of papers on this subject was published m 1942-45 by Theis 
and his collaborators (1-5) Since the results of these investigations and 
their interpretation diffei considerably from the findmgs of otheis (6-10), 
attention will be called to errois inherent m the techmque employed by 
Theis Further, the mterpretation of the findings and the theoretical 
deductions do not agree with our present knowledge of the reactivity of 
collagen 

Theis applies the pressmg techmque (11, 12) to the formaldehyde- 
tanned collagen preparations in order to remove unbound formaldehyde 
It was claimed by McLaughlm (11, 12), the ongmator of this method, that 
by pressmg the treated protem tivice at 5000 pounds pressure per sq in 
a complete removal of free water and electrolytes was effected Theis, 
usmg twice the pressure mentioned, has evidently accepted this claim (3) 
However, direct experimental evidence for its justification has been pre- 
sented neither by McLaughlm nor by Theis Certain errors m the pressmg 
method were pomted out by the present writer m 1938 (13), m legard to 
chrome tannmg investigations, which were later full}’" substantiated by 
McLaughhn and Adams m 1942 (14) The “bound” water of the pressed 
stock, averagmg 125 pei cent water on the basis of protem, is composed of 
about 20 per cent iound water, not available as solvent (15), and about 
100 per cent free water present m the form of the solution in contact with 
collagen In stock m equfiibrium with solutions of high content of solute, 
very large errors are mtroduced by analysis of the pressed stock, smce the 
unbound tanmng agent is mcluded in the figure for the amount of agent 
irreversibly bound by protem 

In their review of the reaction of formaldehyde with protems, French 
and Edsall (16), seekmg an explanation of the disagreement of Theis’ 
data with the findmgs of recent mvestigations (6-10) pomt to the possi- 
bility of the presence of considerable amounts of uncombined formaldehyde 
m pressed protem, previously exposed to fonnaldeh 3 ’’de solution Their 
explanation is confirmed by the author’s experiments In the standard 
procedure of Theis, 2 gm of protem are treated m 200 ml of 1 per cent 
aqueous formaldehyde solution Smce the formaldehyde fixation is of 
the order of 1 to 2 per cent CHjO on a collagen basis, the ongmal foimal- 
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dehyde concentration is not markedly changed by the reaction The 
pressed stock, containmg something like 1 ml of 1 per cent CHjO solution 
(=1 per cent CHjO) figured on 1 gm of piotem, is air-dried and analyzed 
With a volatile substance, such as formaldehyde, part of the sorbed sub- 
stance will evaporate duimg the drymg, the extent depending upon the 
mode of di 3 ang and the ph 3 '’sical condition of the hide substrate, that is, 
whether flaccid, swelled, or shrunk (denatured) The errors in the amount 
of boimd formaldehyde will thus vary withm limits, dependmg upon these 
secondary factors This criticism of data obtamed by the pressmg tech- 
nique also applies to mvestigations of the acid- and alkali-combmmg 
capacity of collagen, m the native and the denatured state, given by 
Theis (2) 

In the mterpretation of the curve of fixation of formaldehyde by collagen, 
given by Theis, some well established facts have been overlooked It 
IS claimed that, in the range pH 1 to 6 5, the bound formaldehyde will 
function as bridges between adjacent collagen chams by condensation with 
weakly basic immo groups m juxtaposition This reaction is said to occur 
over the w'hole pH range and is considered to account mainly for the m- 
creased structural resistance of the collagen-formaldehyde compound 
Fixation of formaldehyde, independent of the pH value of the system and 
probably involving peptide linkages, is an estabhshed fact However, 
this type of leaction, mainly occurrmg m rather concentrated solutions 
of formaldehyde, does not stabilize the protem lattice This is shown by 
the fact that collagen ivith its basic groups completely m'activated by poly- 
methylene naphthalenedisulfomc acid, which is specific for the acid-bmdmg 
piotem groups and does not mterfere ivith peptide linkages, is not stabihzed 
with the formaldehyde taken up, which is probably attached to peptide 
groups (9, 10) Further, foimaldehyde m combmation with deamimzed 
collagen does not improve the rigidity of the structure m the pH range 
<7, although swellmg of the structure is absent and the steric conditions 
of the protem backbone are favorable for such bndge formation (9, 10/ 

Evidence for the participation of ammo groups from pH 4 to 7 has been 
adduced by Highberger and his cowoikers, Bowes and Pleass, and t e 
present author (6-10) It can safely be stated that e-ammo groups o 
lysine residues are an absolute lequirement for the stabilization of collage 
by formaldehyde If the bndgmg further mvolves an adjacent P®P ® 
group, as Nitschmann and Hadom (17) believe, that does not change 

f&cl) qty itII O 

This hypothesis of the formation of methylene bridges between £- 
groups of lysme and the mtrogen of adjacent peptide linkages 
objection of steric nature to a methylene bndge between two a^o ^ 
on adjacent chams It was pomted out m 1940 (9, 10) that the ^ 
for two ammo groups to approach each other closely enough or 
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reaction should be rather slight Hence, it was suggested that only a 
minute part of the bound formaldehyde is bridge-formmg, the main part 
leacting without interlocking of collagen chams, with the formation of 
— CH2 and — ^NH CH2OH structures The concept of Nitsclimann and 
Hadom does away mth this objection, since the assumption of the proxim- 
ity of ammo and peptide groups on adjacent protem chams seems rea- 
sonable Further, it also recognizes the bondmg strength of the compound 
formed (16) and agrees quantitatively mth the ratio of one CHoO bound bj'' 
one NHo group, present m formaldehyde-treated collagen m its zone of 
maximum stability (pH 6 to 8) The Nitschmann-Hadom concept is 
by far the most satisfactoiy explanation of formaldehyde-protein systems 
yet advanced 

Further, e\"perimental mdications aie at hand showmg that, at low pH 
values, 1 to 3, formaldehyde reacts wuth collagen by discharge of the 
NH3+ gioups ( — ^NHa"^ — ^NHs -{- H+) High concentration of foimalde- 
hyde and extended time of mtei action are necessary for such a reaction 
(9, 10) Fixation by acid amide groups, mdicated to occur in certam pro- 
teins rich m amide N (18, 19), does not seem to enter into the reaction 
with collagen (limed hide) which contams only very small amounts of amide 
groups m this state (20, 21) 

Between pH 7 0 and 9 5, Theis (2) believes reactions ivith the imida- 
zole group of the histidme residue to be mvolved and further, at pH values 
greater than 9 5, the e-ammo group of lysme is assumed to bind formal- 
dehyde Even at the highest pH value covered, pH 12, reaction vnth 
the basic group of the arginme residue is said not to occur Theis’ explana- 
tion of the formaldehyde fixation in the range pH 7 5 to 9 cannot be correct 
m view of available data showing the influence of lemoval of ammo groups 
by deamination on formaldehyde fixation The interaction of lysme ammo 
groups from pH 4 to 8 has been strikingly demonstrated m a number of 
investigations (6-10) Smce collagen contams at the most only 0 6 per 
cent histidine (20, 21), formaldehyde bmdmg by this group vould account 
for only 0 04 nut of CH5O per gm of collagen, or less than one-tenth of the 
amount bound m the pH lange concerned Hovever, it was shovm by 
Gerngross m 1920 that the histidine group does not take part in the fixation 
of formaldehyde (22) Recent mxestigations shov that fonnaldelyde, 
m reactmg tvnth histidine itself, is incorporated into the molecule, forming 
a closed rmg ivhich is resistant to sulfuric acid of the concentration used 
m the determmation of bound formaldehyde (23) 

Moreover, m allocating regions of such high pH i alues to the reactivitj 
of lj’’sme and arginme groups vnth fonnaldebj’^de as in Theis’ hypothesis, 
due consideration has not been given to the possibility that the pK ^ alues 
of the e-ammo lysme and guanidmo groups, as gn en for the ongmal ammo 
acids, do not necessanlj’- apply to these groups when built into peptide 
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chains Instead, by the proximity of other groups, particularly carboxyls, 
the basic character of lysme is markedly dimmished, as data of Edsall and 
Blanchard show (24) The influence of the environment of the protein 
gioups cannot be ignored, as especially emphasized by Cohn ei al (25, 26} 
and also mentioned by Highbergei and Salcedo (7) The decrease m pK 
of the groups of the original basic ammo acids built into the chain vould 
explam their interaction with formaldehyde m a pH lange a fea units 
lower than that calculated on the assumption that the values of pK of these 
protein groups are the same as those of the original ammo acids (9) The 
piesent author is well awaie of the results of the lecent mvestigation of the 
titration curve of gelatin (Lichtenstem (27)), exhibiting the effect of the 
removal of lysme ammo groups m the titration curve at such high pH 
values as may be expected from the pK of the e-ammo group of lysine 
Cohn and Edsall (26) infer fi om this w ork that deammation appears to have 
little effect m the acid lange on the lomzation of the carboxyl groups of 
gelatm Accordmg to their view, it may mean that the e-ammo groups of 
lysine aie too far from the caiboxyls to permit the dischaige of lysmegroups 
to affect the dissociation of caiboxyl groups The behavior of solutions 
of gelatm evidently is not apphcable to the insoluble, organized protein 
collagen, probably on account of different ionic envnonment of the mtenor 
of the two protems 

Another possible explanation for the pH curve of the collagen-formal 
dehyde mteraction i elated to the electrochemical state of collagen has 
previously been advanced (9) Smce the total number of basic groups la 
about 1 0 miUiequivalent and that of acid groups only 0 6 milliequivalentper 
gm of collagen, an excess of 0 4 miUiequivalent of basic groups is present 
m collagen (20, 21) At the isoelectric pomt (and mainly m the isoelectne 
range coriespondmg to pH 5 to 7), the electric neutrality of the system re- 
qmres the suiplus portion of the basic groups to be present m an unchargm 
state The identity of the lysme ammo groups until these uncharge 
groups has been micated (9) The concept of the presence of fi’ee, an 
charged lysme groups is in harmony with the reaction rate at pH 4 to 
and also with the mechanism of the deammation of collagen Further 
more, experimental proof of the participation of argmme residues in fo® 
dehyde fixation at such relatively moderate pH values as 8 to 9 has e 
advanced by Highbeiger (6-7) However, this type of leaction 
not result m stabilization of the coUagen structure (9, 10) as judged y 
hydrothermal stability and resistance towards sweUmg agents an pro 
temases , ,_g 

Evidently, the theoretical deductions of Theis are rather spec 
The views advanced by Highberger and by the ivriter are m harmony 
the available experunental data . I ^ 

Errors due to the mclusion of solution m the pressed stock are 
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invalidate the experiments on the location of the isoelectnc point of limed 
hide at pH 7 6 to 7 8, reported by Theis and Jacoby (3) The isoelectric 
pomt of native collagen has been established to be m the pH range men- 
tioned by a number of mvestigators (28-30) It has long been known that 
the isoelectric pomt of collagen is shifted towards the acid side (usually to 
pH 5 to 6) by the action of alkali (limmg) (28-30) 

The lodide-iodate titration method applied to pressed stock containmg 
free, reacting solution will also explain the findmg of Theis (2) that, by 
heat denaturation of collagen, its combming capacity for acids is markedly 
mcreased throughout the range pH 1 to 7 Smce it is more difficult 
to press shrunk hide specimens than native hide, such samples are apt to 
retam more solution than native hide, which may explain the increased 
acid fixation The titration curves of native and denatured hide protein, 
determmed by pH measurements in solutions containing 2 volumes 
per cent of NaCl to limit swelling and by the ordinary titration method 
(“by difference”), are practically identical, only a slight increase bemg 
found for the H+ fixation by denatured collagen at pH 3 to 5, which is 
mainly accounted for b}'^ the buffenng action of solubilized protem in the 
heat-denatured collagen ‘ Howevei, the increased fixation of foimalde- 
hyde by heat-denatured collagen obtained by Theis (9) is also shoum in 
tanning at pH 8 to 13 for specimens containing only irreversibly fixed 
formaldehyde This additional fixation, amounting to about 50 per cent 
m some instances, is mainly unaffected by heating the stock for 1 to 2 days 
at 105° ‘ It has earher been indicated that, by heat denaturation of 
collagen fibers, rupture of intramolecular bonds between peptide groups 
(H bonds) takes place New loci for reaction are probablj'’ formed by 
breaking the coordinate intramolecular bonds, and the fixation of coor- 
dmation-active compounds (as vegetable tanmns and certain high molecular 
chromic salts) is greatly facihtated and mcreased (31) The additional 
formaldehyde fixed by denatured collagen is probably attached to such 
free, reactive groups (imino) of the peptide hnkages, since any activation 
of basic protem groups evidently does not result m the dislocation of the 
collagen chains m the shrmkage reaction 

The present author recogmzes the difficulties m differentiation of irre- 
versibly and reversibly boimd and unboimd formaldehyde m formaldehj^de- 
treated hide (32) The failure of the pressmg method to accomplish this 
aim is disappomtmg 

SUMJIART 

The piessmg method for removal of unfixed formaldehyde in formalde- 
hj^e-treated collagen is showm to yield highl}’’ erratic \ alues The reason 
IS that the pressed stock contams about 100 per cent of the final solution, 

^ Unpublished Trorb by tbe author 
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figured on the u eight of protein The solute contained in the “free water” 
IS included m the figure for irreversibly fixed fonnaldehyde 

The interpretation of the formaldehyde fixation by collagen as a function 
of the equilibrium pH of the system, given by Theis, is criticized His 
conception of the function of the immo groups of the peptide linkages as 
loci for the aldehyde bridge between adjacent collagen chains, leading to 
stabilization of the protem structure, is in conflict with experimental data 
Further, his view of the attachment of formaldehyde by means of the imida- 
zole group of histidine in the pH range of 7 to 9 5 is shoivn to be improbable 
The important function of the «-aimno group of the lysme residue is pointed 
out 

It IS further suggested that the data foi the acid- and alkali-bmding 
capacity of collagen, obtamed by means of the pressmg method, are mis- 
leading This criticism also applied to experiments for location of the 
isoelectric pomt of collagen by analysis of pressed stock by means of the 
lodide-iodate-thiosulfate method 
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Van Slj'ke and Rieben ( 1 ) have recently developed a method for estuna- 
tion of potassium m biological matenals as potassium phosphotungstate 
The low solubility of this salt m watei and the high alkah reqmrements 
when it IS titrated accordmg to Toennies and Elhott ( 2 ) make the method 
especially suited to the estimation of small amounts of potassium with 
greater accuracj' than had been achieved by any previous method How- 
ever, on applymg it to phosphorus-nch matenals such as phosphatides, it 
was found that the dry ashmg m platmum crucibles constituted a real 
drawback, as P attacks platmum vath formation of platmum phosphide 
Under these circumstances it has been the expenence of the writers that it 
IS difficult to obtam a quantitative solution of the white ash m dilute 
hydrochlono acid 

To ob\ late this difficulty, the present method has been devised It has 
the advantage that it does not require the use of platmum crucibles or a 
muffle furnace, and shortens the time for the complete procedure so that 
it can be carried through m the course of a workmg day The biological 
material to be analyzed undergoes wet digestion with suEunc acid and 
supero\ol, the digest is diluted to a definite volume and treated with Ca- 
(0H)2 m slight excess of the amount required to neutrahze completely 
H2SO4 and to precipitate any P that ma5’- be present, CaSC^i and Caj- 
(POi)! formed and unchanged Ca (OH)2 are packed by centrifugation and 
an aliquot of the clear P-free alkalme supernatant is transferred to an e\ap- 
oratmg dish and dned on a boilmg nater bath , this msures the removal of 
any ammonia present From this pomt on the procedure is essentially that 
described bj’^ Van Styke and Rieben ( 1 ) 

The precipitate of potassium phosphotimgstate obtamed in the presence 
of a considerable amount of CaCL is of different composition from that ob- 
tamed by Van Slyke and Rieben’s procedure The factors used for 
the calculation of potassium m the present method ha\ e been den\ ed from 
numerous analyses of standard solutions of potassium salts The titration 
values have been plotted agamst the known amounts of potassium , a Imear 
curve of the type y = ax + h, where y = micrograms of potassium and x 
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= cc of 0 04 N NaOH, has been obtained The gradient o has been found 
to be 156 0, the b ^ alue has been found to be 19 0 ± 0 5 7 nhen 40 mg of 
phosphotungstic acid aie used and 14 0 ± 0 5 7 when 20 mg of phospho- 
tungstic acid are used 1 equivalent of K requires 10 3 equivalents of 
NaOH m titration 

Apparently the potassium phosphotimgstate obtamed m our method is 
not a smgle salt but a mixture m constant propoitions of K 3 (P 04 I 2 WO 3 ) 
and K 2 H(P 04 12WO3) The reactions m the titrations of these two salts 
by alkali are respectively as follows 

(1) KsCPOi I 2 WO 3 ) + 23NaOH = BjHPO, + 12B2\V04 + water 

(2) K.H(POi I 2 WO 3 ) + 24NaOH = B.HPOi + I 2 B.IVO 4 + water 

m which B 1 epresents either K 01 Na In the former case 7 666 equivalents 
of NaOH are required for 1 equivalent of K, m the latter, 12 equivalents 
of NaOH are required for 1 equivalent of K It appears from these facts 
that the precipitate obtamed in our piocedure is a mixture of 45 5 per cent 
K 2 HPO 4 I 2 WO 3 and 54 5 per cent K 3 PO 4 I 2 WO 3 

The value for b does not appear to be a true solubihty factor o\wng to 
solution of minute amoimts of K phosphotimgstate in the watei used in 
washmg It has been found mstead to be related to the amount of Ca( 0 H )2 
present m the aliquot taken foi analysis (Ca(OH )2 is soluble m water to the 
extent of 0 23 per cent) and also to the amount of phosphotimgstic acid 
used It appears to be independent of the amount of potassium present 
m the sample and, w ithin fairly w ide lunits, of the volume of water used ffi 
washmg 

The composition of the K phosphotimgstate olitamed by the ongmal 
method of Van Slyke and Rieben is diffeient from that obtamed in the pre- 
sent method and so is the b i alue the same method of derivation used 
m this paper , Van Slyke and Rieben found the value for a to be 165 7 and 
for b to be 9 ± 0 5 7 The v’alue of 165 7 coriesponds, w ithm 0 4 per cent, 
wuth theoretical factors derived from an empirical formula for the pre- 
cipitate of K 5 H(P 04 I 2 WO 3 ). 6 H 2 O, and this composition was checked by 
those authors by direct analysis of the K salt obtamed The value for 
m Van Slyke and Rieben ’s method appears to be a true solubility cona- 
tion, since it corresponds to the amount of potassium phosphotimg- n 
soluble m the volume of w ater used m w ashmg 

The high value for b m the mcdified method makes it unsuitable or 
amounts of potassium below 0 08 mg When amounts of K 
samples under analysis are smaller than this figure, the method 0 
Slyke and Rieben should be used v 

The method as desenbed below has been used routmely m our labora 
for the past 2 year® for analyses of phosphatides, of hpide extracts 0 



J FOLCH AND JI LATJEEN 


541 


gans, of protein fractions, and of blood plasma The results obtained 
have been uniformly satisfactory, double determinations checkmg usually 
within 1 per cent, te, 4 52 and 4 54 milhequivalents of potassium for 
blood plasma 


Procedure 

Reagents — 

Sulfunc acid, concentrated, sp gr 1 84, reagent grade 
Superoxol, Merck, reagent giade 

Calcium hydi oxide, i eagent grade It is freed of small amounts of po- 
tassium present by vashmg si\ times A\ith distilled vater and drymg m the 
oven It is povdeied and stored m screv top bottles 
Approximately 

4 per cent aqueous solution of phosphoiungstic acid and thymol hlue- 
phenolphthalein indicatoi as desciibed bj’^ Van Slj'ke and Rieben (1) 
Standard 0 04 N HiSOa 

COa-free 0 04 N NaOH COj is removed from shghtlj" acidified vatei 
(400 cc + 0 25 cc of 0 1 N HCl m a 500 cc round bottom p 3 Te\ flask) 
by usmg water pump suction for 10 mmutes 0 9 cc of 18 N NaOH (3) 
IS then pipetted mto the bottom of the flask The flask is stoppered tightlj’- 
and shaken The solution is titrated uith standard 0 04 n HjSOj, mth 
thymol blue-phenolphthalem mdicator under a curient of COa-fiee air 
Apparatus — 

Digestion tubes 16 X 125 mm Pyrex ignition tubes, calibrated at 5 cc 
volume (No 9860 P^^rex catalogue) 

Stirring rods, 3 X 160 mm , flat footed 

Stirring rods, 1 X 150 nun , prepared as descnbed b 3 ’’ Saht (4) 

15 cc centrifuge tubes and siphoning apparatus for vashmg potassium 
phosphotungstate precipitate, as descnbed by Van Sh^ke and Rieben (1) 
Alundum bits, prepared as descnbed b 5 ’' Van Sl 3 "ke and Folch (5) 

Micro burners 
Soda lime tubes 

Glass spoon, calibrated to hold 200 mg of Ca(OH):, prepared as de- 
scribed by Van Sl 3 'ke and Folch (5) 

Titiation apparatus, for titratmg vathout inteiference from atmosphenc 
CO. (6) 

Estimation of Potassium in Blood Plasma 

Digestion — ^Plasma or serum can be digested mth or mtliout pre\ lous 
drymg If the anal 3 ^sis is to be run m a smgle da 3 ’-’s v ork, digestion mtliout 
previous di^nng is convenient On the other hand pre\ lous dr 3 ing has the 
advantage of makmg the digestion procedure easier and shorter 



542 


K IN BIOLOGICAL MATERIALS 


Digestion mth Previous Drying — 1 cc aliquot of plasma or serum is 
measured into a digestion tube and the tube is put m the desiccator, stand- 
ing up m a beaker The desiccator is evacuated to about 50 mm of Hg 
pressure After f hour the evacuation is resumed up to the lughest vacuum 
given by a water pump The drying of plasma is completed overmght 
The tube with the diy"^ plasma oi serum sample is removed from the desic- 
cator and 0 1 cc of concentrated H 2 SO 4 and tv 0 bits of alundum aie added 
The tube is placed m a 400 cc beakei tvo-thiids full of concentrated HjSOi 
and the H 2 SO 4 bath is heated vith a flame of such a size that the bath 
reaches a temperature of 150° m about 10 minutes that time the dry 
plasma has blackened and liquefied under the action of the hot HjSOi 
4 drops of superoxol are added to the digest, 1 drop at a time The vater 
from the superoxol boils off lapidly As soon as boiling decreases and 
blackening reappears, moie superoxol is added diopvise, 3 or 4 drops at a 
tune The procedure is repeated a number of times (usually^ about ten) 
until blackening reappears at an obviously slov er rate Throughout the 
addition of superovol the temperature of the bath is maintamed between 
150-160° The whole process of addmg superovol usually takes about 20 
minutes This digestion m a concentiated HiSOi bath can be conven 
lently run on twelve tubes at a time, si\ tubes m one 400 cc beaker, two 


beakers bemg nm at the same time 

The flame is shut off, and the tube is remoi ed from the bath, rmsed inth 
water on the outside, and wiped diy Next the tube is placed on a digestion 
shelf and heated on a micro burner In about 1 mmute white fumes and 
deep blackenmg appear The tube is removed from the digestion shelf, 
held tilted at about a 30° angle, and 1 or 2 diops of siiperoxolare added m 
such a way that the superoxol runs down along the inner wall of the tube 
Superoxol clears the digest and the tube is replaced on the digestion slielf 


White fumes and blackening reappear as soon as the water fiom the super- 
oxol IS boiled off The addition of super o\ol in the form described is re 
peated for as long as blackenmg occurs 1 or 2 minutes are usually nec 
essaiy betw^een additions, and three or four additions usually suffice 
The digestion is contmued for 5 mmutes after white fumes without 
enmg appear The whole digestion pioceduie as described takes *rt)Out 
mmutes for a smgle tube from the time of addition of concentrated H < 
to the dry plasma up to the time the digestion is completed Tw'elve u 
can be convemently run at one time and digestion completed m 60 0 / 


mmutes for all twelve 

Digestion luithout Previous Drying — 1 cc of plasma or serum 
mto a digestion tube and to it are added m succession two bits of a un 
and 0 1 cc of concentrated H 2 SO 4 The contents of the tube are 
mixed by twirlmg The tube is placed m a 400 cc beaker two- u 
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of H2SO4, and the H2SO4 bath is heated on a gas burner to 97-99° The 
size of the flame is then reduced so that the temperature of the bath m- 
creases at the rate of about 1° a mmute The contents of the tube begm 
to boil and the protems that hai e been precipitated by addition of H2S04 
start to climb inside the tube This chmbmg movement stops vhen the 
clump of precipitated matenal breaks and allovs free passage to the steam 
The precipitated material seldom climbs moie than f of an inch abo\e the 
bottom of the tube Boilmg continues and blackenmg of the precipitated 
material starts After about 10 minutes, nhen the temperature of the 
bath has reached 1 10°, the size of the flame is mcreased so that the tempera- 
ture of the bath rises about 3° per minute In another 10 to 12 minutes 
when the bath has reached a temperature of about 150°, the precipitated 
material, which has become mcieasmgly black, is liquefied and the clumps 
that had climbed up the w'all have fallen back to the bottom of the tube 
When boiling of the liquefied matenal slow^s down perceptibly, addition of 
supero\ol is started The addition of superoxol is earned out as for the 
digestion of previously dried plasma, and from there on the procedure is 
exactly as described aboi e Complete digestion takes about 60 minutes 
for one tube and twelve tubes can be digested at one time in about 90 
mmutes 

Ehmvnalton of Phosphorus — ^To the cool, clear digest, wnter is added up 
to the 5 cc mark 200 mg of Ca(OH)2 are then added This is more 
than enough to neutrabze the sulfunc acid present With the 3 mm 
X 16 cm flat footed stirrmg rod the mixture is stirred contmuously for 
5 mmutes, there is no splashmg if the foot of the rod is kept below the sur- 
face of the liquid If a small rack is used, as many as tweh e tubes can be 
stiried at one time The tube is covered with a rubber cap and spun m 
the centrifuge for about 15 mmutes, at 2000 r p m The CaS04 and Caj- 
(P04)2 collect at the bottom, leavmg a clear supernatant solution 

Precipitaho7i of Potassium — 3 cc of the clear supernatant are measured 
mto a 30 cc Pyrex evaporatmg dish, w'hich is placed on a square of chicken 
wire over a vigorously boihng steam bath until the solution has e\ aporated 
to dryness This takes about 20 to 25 mmutes It msures the elimina- 
tion of any ammonia that maj’' be present The evaporatmg dish is re- 
moved from over the steam bath, let cool, and 1 cc of n HCl is added to 
the residue The residue goes easily mto solution, except for a thm 
rim of imdissolved matenal It is necessary to dissolve the di^ residue 
completely In order to do that the evaporatmg dish is replaced on the 
chicken ware, removed after a few seconds, and shaken genth The warm 
N HCl will then dissolve the residue completely Next a 4 per cent solution 
of phosphotungstic acid m water is added dropwase, 0 5 cc being added 
(20 mg of phosphotungstic acid) for amounts of K between 0 08 and 0 8 
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mg and 1 cc being added for amounts of K up to 1 6 mg The solution is 
mixed and is again evaporated to dr3Tiess on the steam bath and lemoved 
when the odor of HCl is no longer detectable This takes about 15 min- 
utes 

Transfer and Washing of Potassium Phospholungstaie — ^The procediue is 
essentially that followed by Van Slyke and Rieben (1) The e\aporatmg 
dish IS removed from over the water bath and let cool The edge ot the 
pourmg hp is greased with vasehne and 2 cc of water are pipetted mto the 
dish The residue is suspended bj”^ gentle shaking and the suspension poured 
into a 15 cc centrifuge tube Without movmg the dish from its position 
over the tube, as much of the precipitate in the evaporating dish as possible 
transferred into the centrifuge tube by a stream of 4 cc of w ater dehvered 
from a Mohr pipette Some precipitate still remains in the evaporating 
dish In order to transfer it quantitatively 2 cc of w ater are measured mto 
the evaporatmg dish and the remammg precipitate rubbed free from the 
glass surface mto suspension m the water by the use of a rubber-tipped rod 
This suspension is poured mto the centnfuge tube Tins last step of the 
procedure is repeated twice more, 2 cc of watei bemg used each time 
This makes a total volume of 12 cc of water that is used for the transfer 
The precipitate is washed as descnbed by Van Slyke and Rieben (1) 
Titration of K Phosphoiungstate — ^The potassium phosphotungstate is 
titrated as descnbed by Van Slyke and Rieben (1) Addition of alundum 
IS not necessarjq smce the bubblmg of COo-free air msures smooth boilmg 
Blanh Determination — ^Blank anafyses are run m w’hich water leplaces the 
sample In our expenence the blank has been consistent!}' zero When 
there is cigarette smoke m the lOom, a blank value can be found which is 
small and constant for each set of anatyses Tins maj' be due either to 
small amounts of potassium or of ammonia present m the cigarette smoke 
(7) The value for the blank is (cc of 0 04 N NaOH used) — (cc of 0 04 


N H2SO4 used) 

Calculation — If 20 mg of phosphotungstic acid ha\ e been used, the for- 
mula for calculatmg the amount of potassium m the sample analyzed is the 
followmg (0 156 Cr-B) -f- 0 014)1 677 = mg of K, where T stands for 
(cc of 0 04 N NaOH used) - (cc of 0 04 n H0SO4 used) and B is the blank 
^ alue If 40 mg of phosphotungstic acid hai e been used, the formula foi 
calculation is as follows (0 156(T — R) 0 019)1 677 = mg of K 

Wlien Ca(OH)2 reacts wuth 0 1 cc of H2SO4, 0 06 cc of water is formed^ 
Therefore, the volume of the neutrahzed digest from which the 3 cc ^ 
is taken for precipitation of potassium by phosphotimgstic acid 
5 06 It has been found, though, that m the course of stirrmg the Ca ( * 

with the digest 0 03 cc of water evaporates, leavmg a final volume 0 
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cc The factor 1 677 used in the calculation formula is the quotient of the 
ratio 5 03/3 00 

Estimation of Potassium in Lipide Preparations or Lipide 
Extracts of Organs 

Digestion — If a hpide extract is to be analyzed, an ahquot large enough 
to contain moie than 0 08 mg of potassium is measured mto a digestion 
tube The solvent IS removed as follows Twu or three bits of alundum 
are added to the contents of the tube The tube is placed in a beaker filled 
to a depth of 1 mch wnth concentrated sulfuric acid and the beaker placed 
on the boiling water bath When the solvent has been completely boiled 
off, as IS showm by lack of solvent smell, the samples are ready for digestion 
If the material to be analyzed is a dry preparation of hpide material, a 
sample contammg a minimum of 0 08 mg of potassium is weighed into a 
digestion tube From here on the procedure is that used for dned blood 
plasma 

EXPERIMENTAL 

Analysis of Standard Potassium Solutions — ^Aliquots of standard potas- 
sium solutions contammg between 0 08 and 0 8 mg of K w^ere analyzed 
under the conditions m w'hich 20 mg of phosphotungstic acid (0 5 cc of 4 
per cent solution) aie used The lesults of analj ses are given m Tablel 
Aliquots contammg betw een 0 17 and 1 5 mg w'ere analyzed under the con- 
ditions in w^hich 40 mg of phosphotimgstjc acid are used The results are 
given m Table II Lmear cunms of the type y = ax + 5 w ere obtamed, 
where y = micrograms of potassium and x = cc of 0 04 N NaOH solutions 
The gradient, a, was found to be 156 0 m both sets of analj^ses Tlie \ alue 
for h was found to be 14 d= 0 5 7 when 20 mg of phosphotungstic acid w ere 
used and 19 ± 0 5 7 w'hen 40 mg of phosphotungstic acid w ere used 
Recovery of Potassium Added to Plasma — Determmations of recoveiy of 
potassium added to plasma w ere run m triplicate on five different serums 
The results obtamed are given m Table III 

Recovery of Potassium Added to Phosphatide Preparations — ^Results ob- 
tamed on two experiments of this tjpe are given m Table W 

Non-Interference of Sodium, Calcium, and Magnesium — ^To test this pomt, 
analyses w^ere run on aliquots of a solution contammg 20 mg of sodium as 
sodium chlonde and 20 mg of magnesium as magnesium sulfate The 
presence of these ions did not mcrease the value obtamed for the blank 
Analysis of standard solutions of potassium to which sodium and magne- 
sium salts had been added m the amounts mentioned above ga\ e exacth 
the same titration value as that m Tables I and II 

That calcium 10ns do not mterfere is obvious, smce the precipitation of 
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Table I 


'i.nalysjs of Standard Potassium Solutions* 


Potassium presentt (i) 

0 04 N NaOH required 
(r-B) 

Potassium foundj if) 

Per cent deviation from 
theoretical 
mif-k) 
k 

mi 

cc 

mt 


0 0594 

0 289 

0 0591 

-0 5 

0 0594 

0 290 

0 0592 

-0 3 

0 0682 

0 351 

0 0688 

+0 9 

0 0682 

0 356 

0 0696 

+2 0 

0 1000 

0 536 

0 0978 

-2 2 

0 1004 

0 531 

0 1000 

-0 4 

0 1092 

0 595 

0 1068 

-2 1 

0 1187 

0 677 

0 1196 

+0 8 

0 1187 

0 677 

0 1196 

+0 8 

0 1363 

0 793 

0 1377 

+1 1 

0 1363 

0 797 

0 1384 

+1 5 

0 2000 

1 183 

0 1985 

-0 7 

0 2008 

1 196 

0 2005 

-0 1 

0 2044 

1 237 

0 2070 

+1 5 

0 2184 

1 318 

0 2207 

+1 0 

0 2726 

1 684 

0 2765 

+1 4 

0 3000 

1 827 

0 2990 

-0 3 

0 3040 

1 868 

0 3053 

+0 4 

0 3040 

1 865 

0 3048 

+0 3 

0 3276 

1 976 

0 3222 

-1 6 

0 3276 

1 998 

0 3258 

-0 6 

0 3407 

2 089 

0 3398 

-0 2 

0 4000 

2 484 

0 4015 

+0 4 

0 4016 

2 461 

0 3980 

-0 9 

0 4089 

2 515 

0 4063 

-0 6 

0 4368 

2 688 

0 4330 

-0 8 

0 4777 

2 969 

0 4770 

0 0 

0 5020 

3 131 

0 5025 

+0 1 

0 5020 

3 131 

0 5025 

-{"0 1 

0 5460 

3 408 

0 5455 

-0 1 


* 20 mg of phosphotungstic acid used , ^ 

Potassium present in a 3 cc aliquot from the H SO< digest after treatmen 

Ca(OH)i 

% Calculated as mg of K = 0 156 (T - B) + 0 014 (explanation m the texw 


itli 
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Table II 


Analysts of Standard Potassium Solutions* 


Potassium prescntf (it) 

(0 04 K NaOH) - 
(0 04 N H.SO.) (7 - B) 

Potassium foundt (/) 

Per cent deviation 
from theoretical 
lOOC/- *) 
k 

mg 

CC 

mg 


0 1724 

1 003 

0 1755 

+1 8 

0 1724 


0 1763 

+2 3 

0 1945 

1 100 

0 1906 

-2 0 

0 1945 

1 105 

0 1914 

-1 6 

0 1970 

1 112 

0 1925 

-2 4 

0 1970 

1 152 

0 1987 

+0 9 

0 2917 

1 718 

0 2870 

-1 1 

0 2917 

1 734 

0 2895 

-0 8 

0 2955 

1 734 

0 2895 

-2 

0 2955 

1 734 

0 2895 

-2 0 

0 3448 

2 084 

0 3441 

-0 2 

0 3448 

2 096 

0 3459 

+0 3 

0 3579 

2 117 

0 3492 

-2 4 

0 3579 

2 172 

0 3578 

0 0 

0 3890 

2 389 

0 3917 


0 3890 

2 376 

0 3896 


0 3940 

2 432 

0 3984 


0 3940 

2 362 

0 3874 


0 5172 

3 185 

0 5168 

-0 3 

0 5172 

3 226 

0 5222 

+1 0 

0 5834 

3 598 

0 5903 

+1 2 

0 5834 

3 586 

0 5784 

-0 8 

0 6909 

3 609 

0 5820 

-1 5 

0 5909 

3 679 

0 5929 

+0 3 

0 6896 

4 266 

0 6845 


0 6896 

4 294 

0 6888 


0 7779 

4 918 

0 7862 


0 7879 

4 973 

0 7947 


0 7879 

4 977 

0 7954 


0 8882 

5 631 

0 8974 

+1 0 

0 8882 

5 574 

0 8885 

0 0 


* 40 mg of phoaphotungstic acid used 

t Potassium present in a 3 cc aliquot of the supernatant from the H«SO< digest 
after treatment uith Ca(OH )2 

t Calculated as mg of K = 0 156(r - B) + 0 019 (explanation in the text) 
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Table III 


Recoiery of K Added to Plasma 


Sample 

K ongmally 
present in 
plasmn 

K. added 

Titrahon 
(T - By 

K found (/) 

K calculafed 
W 

Error 

mu- c) 
c 

CC 

y 

7 

CC 

7 

7 

fer cm! 

1 0 

176 3 

87 2 

0 914 

262 6 

263 5 

-0 3 

1 0 



0 90S 

261 0 


-0 9 

1 0 



0 909 

261 2 


-0 8 

1 0 

177 3 

93 2 

0 934 

268 0 

270 5 

-0 9 

1 0 



0 934 

26S 0 


-0 9 

1 0 

1 


0 941 

269 0 I 


-0 3 

1 0 

163 5 

93 2 

0 894 

257 4 

256 7 

+0 4 

1 0 



0 891 

256 5 


-0 1 

1 0 



0 893 

257 0 


! +0 1 

0 5 

89 3 

99 0 

0 63 

188 1 

188 3 

-0 1 

0 5 



0 636 

189 7 


-|-0 t 

0 S 



0 628 

187 8 


-0 3 

0 5 

92 6 

99 0 

0 64 

190 9 

191 6 

-0 4 

0 5 



0 646 

192 5 


-j-O 5 

0 5 



0 643 

191 5 


-0 1 


* r - j5 = (cc of 0 04 N NaOH) - (cc of 0 04 N H.SO<) 


Table IV 


Recoicry of Polasstuvi Added to Phosphatide Preparations 


Brain phosphatidyl senne 

Weight of 
sample 
analyzed 

K present 
in sample 

K added 

K found 
(/) 

K 

calculated 

(c) 

Per cent 

devialioQ 

from 

theoretical 

c 


mg 

7 j 

7 

1 

7 

7 


2 93% K* 

5 864 


254 8 

431 0 

426 8 

WHH 


5 456 

I 159 7 

254 8 

415 2 

414 5 



5 814 


254 8 

421 2 

425 2 


Ash free, 0 06% Kf 

56 0 

33 6 

509 6 

539 2 

543 2 



49 8 

29 9 

509 6 

541 3 

539 3 



52 2 

31 3 

509 6 

538 3 

540 9 

9^^9 


* Obtained according to Folch (8) 

■f Obtained from the preceding by treatment ii ith 0 1 l HCl followed by dialys’S 
and lyophihzation 


potassium bj phospbotungstic acid m this method takes place m the pres 
ence of relati\ely large amounts of calcium chlonde 
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In Older to test A\hether the removal of H2SO4 and H3PO4 by Ca(OH)2 
entiams some of the potassium present, aliquots of standard solutions of 
potassium n eie added to the 3 cc aliquot of the supernatant used in blank 
detcrmmations The titmtion \ alue vas the same as that obtained in the 
anal\ sis of standard solutions given in Tables I and II 

SUAIJIARV 

1 A modification of Van Slyke and Rieben’s ( 1 ) method foi estunation of 
potassium especially suited to pliosphoras-nch matenals is desciibed The 
modified procedure does not requne the use of platinum crucibles or of a 
muffle furnace The method is suited for amounts of potassium as low as 

0 08 mg 

2 Tire material to bo ana^zed undergoes vet digestion vnth H2SO4 and 
supcro\ol H2SO4 and HaPOi are elimmated by treatment vith Ca(OH)2 
An aliquot of the supernatant is dned, vhich eliminates ammonia The 
residue is dissoh ed m n HCl and the potassium is piecipitated by phospho- 
tungstic acid 

3 The K phosphotimgstate obtamed m this procedure has a different 

composition than that obtamed by Van Slyke and Rieben’s (1) method 
It appeals to be a mixture of 54 5 pei cent ItsCPOi 12WO3) and 45 5 pei 
cent K2H(P04 12WO3) 1 equivalent of K as K phosphotungstate uses 

10 3 equivalents of NaOH on titration accerdmg to Toennies and Elliott (2) 
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The method here descnbed permits the sampimg, transfer, and deter 
mmation of respiratory gases m approximately 0 35 c mm samples with 
errors not greater than ±0 2 volume per cent and m 0 07 c mm samples 
Math errors not greater than ±0 5 volume per cent It wiU handle up to 
100 per cent absorbable gases The analysis takes 4 to 6 mmutes 
The method is useful m general when only a mmute quantity of gas can 
be used for analysis This may mvolve cases m which it is desirable to 
analyze the composition or tension of gas occurrmg in an extremely small 
place, or cases m which one wishes to study the gas tensions m tissues or 
flmds by mtroducmg a nunute gas bubble for eqmhbration 

The micrometer burette, as apphed to this method of analysis, utihzes 
the same prmciple as m micrometer burettes descnbed earher (1-3), 
namely, the displacement of mercury by means of a spmdle which through 
a mercury-tight beanng freely moves mto a mercury-fiUed burette chamber 
The fact that the burette dehvers without dramage error is a pnncipal 
reason for its high accuracy This burette utihzes a 0 304 mm steel music 
wire as a micro spmdle and displaces 0 0726 c mm per mm This figure 
was detenruned both by calculatmg the volume of the spmdle from its 
diameter and by weighmg the total mercu^ dehvered by 5 times 5 mm 
advance of the spmdle If we designate the volume of 0 001 mg ( = 17 ) 
of water as 1 y-hter, the smallest division on the micrometer ( = 0 01 mm ) 
corresponds to 0 726 y-hter ( = 0 0007 c mm ) So far the “y-burette” 
has been used only m the analysis of respiratory gases and blood gases 
(see the next paper) It can undoubtedly be used for other gases by select- 
ing smtable absorbents and, with slight modification, for ultramicro titra- 
tions, in connection with a cahbrated imcro mercury pipette (see below) 
For other volumetric micro gas analytical procedures the reader is re- 
ferred to papers by I&ogh (4, 5), Scholander (2, 6), and Berg (7) 
Principle — The gas is sampled by means of a micro mercuiy pipette and 
IS stored behind mercuiy m a glass transfer cup From this cup it is drawn 
mto a micrometer burette of approximately 1 c mm capacity The gas 
sample is measured and extruded mto a senes of vials contaimng acid and 
flmds for the absorption of CO 2 and O 2 The gas menisci are located by 
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viemng them through a dissectmg microscope All volumes are read on the 
rmcrometei m teims of micrometer units 
Apparatus — 

Micrometer burette unit This part consists essentially of the nucrometer 
burette itself and its holder 

Details of the construction ivill be seen m Fig 1 The micrometer (A) 
is adapted in the follomng way The frame is machined off, and the spindle 
cut off at the begmmng of the threads (B) A holder (C) for the new micro 
spmdle (Z)) is press-fitted into B and a straight piece of plain or, better, 




Fig 1 Micrometer burette of 1 c mm capacity A, micrometer, B, micrometer 
screw , C, holder for micro spindle, £), micro spindle, E, steel plug pressed into spmdle 
bearing, F, plastic needle yoke, G, fiber disk with hole for micro spindle, H, burette 
needle, I, micrometer block, J and K, screws for adjusting tilt of burette, L, reagent 
block wuth vials for mercury, acid, NaOH, oxygen absorber, and water 

stainless steel music ivire 0 012 mch in diameter (gage No 3) is carefully 
aligned and soldeied exactly m the centei of C by means of a ]ig The tip 
of D IS ground to a blunt point A steel plug {E) is loosely press-fitted into 
the spindle beanng It is threaded with a 10/24: scieiv for the plastic nee e 
yoke (F) and has a recess for the fiber beanng disk (G) through which t e 
micro spmdle D moves In order to prevent pressure from being bi^t up 
behind the fiber beanng (G), C should fit loosely mto E, a side hole in 
a fiat on the front end of C serve the same purpose The fiber disk ( 1 ^ 
pressed out of a 1/32 mch fiber plate by a pipe punch and is 
a center hole by means of a ]ig (Fig 2, F) wuth a pivot drill No 
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Lucite 3 ’’oke {F), threaded to fit onto E, has a bore sufiicient to pass the 
burette needle The burette needle is pulled to a fine long point, it is fur- 
nished inth a shoulder and a flat giound base By means of the yoke F, 
the needle IS held pressed air-tight against the fiber bearing G The bui ette 
IS held in an adjustable steel block (/) constnicted according to the prmciple 
used in an ordmary surface gage The burette can be set at a desirable 
angle by means of J and can be tilted by means of K The block has 
rubber corners cemented to its lover surface, so that it vdl not shp on the 
glass plate upon which it rests during analysis 



Fig 2 Accessories A, shielded micro burner, B, steel jig for making shoulder 
on burette needle, C, hinged support for jig, D, tubes vith bore for needle capillarj , 
E, grinding jig for needle base, F, jig for drilling center hole in fiber disk 

Acccssones for maLing Inireile needles A micro gas flame is set up on a 
V ooden stand. Fig 2, A The flame is shielded from draught by means of 
a glass tube pressed over a piece of split lubbei tubing The steel jig (B) 
IS fastened to a hmge (C), which is loosely screved onto the stand The 
Jig is bored to receive metal tubes (B) vhich are bored for the capillary tub- 
mg, the one to the right is bored all the vay through, the one to the left 
has a hole 8 mm deep The two tubes (B) are held by set screws with their 
tapered ends about 4 mm apart The capiUarj’" is cut straight by rotating 
it against a carboloy cuttmg tool It is stuck through the tubmg B until 
it hits the bottom of the bore The capillary is rapidlj’’ turned vhile it is 
being carefully moved towards the flame and is shghtly pushed together 
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to form a shoulder The tip is pulled by free-hand about a cm from the 
shoulder by movuig the tubing to the flame until it becomes plastic, re- 
movmg it from the flame, and pulhng the ends apart to a 1 cm -long con- 
striction To cut this constriction rotate the capillary against the carholoy 
tool 

The base end of the needle must be ground flat and straight This is done 
m a ]ig (E) A senes of holes of shghtly increasmg diameter is drilled 
through a piece of bakehte The needle is stuck through the tightest &tmg 
hole A thm sheet of perforated plastic is slipped over the needle tip and 
onto the shoulder The needle base is ground flat on the finest of emery 
paper placed on a glass plate in the way shown by Fig 2 Apply only bght 
pressure The needle is cleaned by suckmg through it mtric acid, water, 
and acetone It is dned and the base end is flame-pohshed in order to 



Fig 3 A, mercury micro pipette, B, transfer cup loosely mounted in grease well, 
C to F, stages m loading transfer cup witli gas sample from mercury micro pipette, 
the music wire piston is shaded 

eliminate ^arp comers which would cut the steel spmdle wire With some 
expenence it is also possible to flame-pohsh the tip The bore of the needle 
should be large enough to shp freely onto the music wire and the bore of the 
tip should be fine enough to give a noticeable change m the mercury mems 
cus for each 0 002 mm movement of the micrometer screw 
Transfer pipeiie A piece of No 3 music wire is bent to a 1 inch loop iS 

3, A) and the free tip is ground to a blunt pomt A thin capillary tubing 
IS selected mto which the wire will fit snugly The upper end of 
lary is blown to a chamber for grease At the tip end a thin walled bu e 
IS blown which is drawn out mto a thm walled fine long tip The cap a 
part of the pipette is filled with mercury and the grease chamber is 
from a syrmge with medium Nevastane grease The music wire is ^ 
throu^ the grease mto the capillary and shoved down until 0 5 cm 
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tbc tip constriction The n ire must fit tightlj’- enough to hold the mercury 
in any position at the tip of the pipette The pipette construction described 
mikes it easy to handle even the most minute quantities of gases or hquids 
Transfei cup (Fig 3, B) A tlnn vailed glass tube of 2 to 2 5 mm bore 
is fused together to form a lod with a cup on the end The cup must have 
a smooth rounded bottom The shank of the tiansfer cup is placed in a 
veil of heavy Nevastane grease in which it mil easily move The total 
height should be such that the cup openmg corresponds to the burette tip 
This flexible mounting of the transfei cup insures that the pipette or burette 
tip will not be broken duimg the transfer procedure 
Bloch for carrying solutions The constinction of this block is seen m 
Fig 1 , L A wooden or plastic block is prodded mth a row of 5 holes which 
receive the vials for mercury, acid, absorbing fluids, and acid rinsing water 
The vials are approximately 7 X 25 mm The first one foi mercury has 
the openmg shghtly fused together, the otheis are coated mth Clante m 
toluene, around the edges, so as to hold the fluids 
Solutions — ^The pimcipal considerations for the composition of the solu- 
tions are that they must vet glass well m order to pve a sensitive memscus 
in the fine capillary tip of the burette, and must have a low solubihty for 
gases It possible, the acid and allcah should have the same capillarity 
The acid and alkaline sodium citrates, among a large number of solutions 
tried, have proved to be satisfactory They give a sensitive memscus and, 
vith the burette needle moved over from one solution to the other, give 
identical readings for COrfree gas samples and cause no bubbles or dis- 
tmbing heat production The solubihty of air in the acid citrate solution 
IS 12 5 per cent that of water, and of the alkalme citrate it is 11 5 per cent 
that of water A concentrated lithium chlonde solution (7), although its 
gas solubihty can be made very low, is strongly hydrophobic and vill not 
give a meniscus sensitive enough for accurate results m our method 
Acid solution Dissolve 8 5 gm of sodium citrate (NajCeHsO: 2 H 2 O) 
in 12 cc of ivater and add 0 3 gm of citnc acid Store m a screw-capped 
Mai at ambient air pressure 

CO 2 absorber Dissolve 8 5 gm of sodium citrate (NasCcHsOi 2 H 2 O) in 
15 cc of water and add 0 5 gm of NaOH Store in a screw-capped vial 
at ambient air pressure 

Oxygen ahsoiber Solution A, imx 100 cc of H 2 O and 6 gm of KOH, 
store in a wide mouthed vessel 

Powder A, add 20 gm of fresh sodium hydrosulfite Na 2 S 204 to 0 1 gm 
of sodium anthraqumone-^-sulfonate, mix thoroughly in a mortar, store 
m a stoppered vessel 

Solution B, in a 5 5 cc vial place 5 cc of Solution A and add 0 6 gm of 
Powder A, close with a finger immediately and dissolve anaerobicallj' under 
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a hot water faucet, cool to room temperature under a cold water faucet, 
and draw with the least possible air contact the lower three-fourths of it 
into a 5 cc syitnge fitted with a short gage No 20 needle inth the tip cut 
off straight Equilibrate iiuth nitrogen at atmosphenc pressure by leaving 
a small bubble m the syrmge This solution is the same as that used m the 
0 5 cc gas analyzer (6) 

Mercury c p mercury cleaned in a nitnc acid cleaner and stored in 
a 1 cc tuberculin syringe furnished ivith a short gage No 20 steel needle 
with the end cut off straight 

Grease Nevastane, light, medium, and heavy, made by the Keystone 
Lubricating Company, Philadelphia, is recommended Store the light 
grease in alee tuberculin synngeiiuth a No 20 gage needle cut off straight 

The acid solution, the CO 2 absoiber, and the oxygen absorber are de 
hvered dm mg the analyses from 5 cc S 3 mnges provided with short gage No 
20 steel needles, with the ends cut off straight Smee the acid and the COj 
absorber dry and crystallize readily m the needle tip, these syringes should 
be placed with the needle tips under mercury, each m a separate vial, set 
m 2 holes m p, block of wood A fomd-h s 3 Tmge with water completes the 
outfit 

Before analysis fill the five vials of the block in succession with mercury, 
acid, CO 2 absorber, O 2 absorber, and water plus 1 drop of acid solution 

Assembling Bui die — Sciew the micrometei spindle all the way out and 
grease the micrometer sciew lightly with hght Nevastane With a thm 
rod push the fiber washer out from its socket Insert the spindle and ad 
vance it until the micro spmdle (Fig 1, D) projects 0 5 cm out of the nozzle 
(Fig 1, E) Grease the spmdle with hght Nevastane from the syringe and, 
while tivistmg the spmdle back and forth, gently slip on the fiber bearing, 
push it back, and gently press it mto position Screw the micro spmdle 
back until it projects 2 mm and cover it completely with a drop of light 


Nevastane 

Fill the burette needle with mercury from the syringe by holding t e 
base of the buiette needle agamst the flat openmg of the sjoinge need e 
■\^Tien the burette needle is full, close the tip end with a finger and coyer 
the base end of the needle completely mth a diop of hght Nevastane, ivi 
out trappmg any air bubble The grease drops are jomed together, an^ 
the needle is now fitted over the projecting micro spmdle, upon whic 
vtU hang The grease seal effectively prevents air from gettmg mto ^ 
burette The slight amount of grease which enters ivith the spmdle does n 


harm The yoke is shpped on and tightened gently , 

Test the assembly for tightness by screwing the mercury out to 
openmg If the mercury' does not pop out or m when gomg throug ^ 
tip opemng, the assembly is satisfactory If it does, there is a ea^^ 
trapped air bubble m the needle Screw the micrometer m to zero a 
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the mercury flush with the needle tip Draw in 5 or 10 mm of air and bnng 
the meniscus back to the needle tip again The micrometei should now 
read zero ivithm 0 5 division 

Transfer of Gas Sample to Analyzer — ^In some cases it can be arranged 
that the buiette needle can be directly introduced to the gas somce through 
a drop of mei cury oi abid solution In such cases the micrometer is brought 
shghtly past zero (see below) mtli the mercury memscus flush mth the 
needle tip The tip is introduced thiough the acid oi mercury seal, and the 
sample drawn in and sealed inth the acid or mercury when vathdrawn 
Usually the transfer pipette and transfer cup will have to be used The 
clean and dry transfer cup is filled from the bottom with mercury dehvered 
from the tuberculin sjmnge Inspect undei the bmocular to make sure that 
no air is trapped in the cup With the mercury eictended to the tip of the 
transfer pipette a gas sample is drawn into the pipette, followed by a seal 



Fig 4 A through D, drawing sample into burette needle from transfer cup, E 
through H, stages in analyzing gas sample in the vials of the reagent block 


of hqmd m equilibration with the gas, or of acid solution, or mercury The 
sample is transferred to the mercury-filled transfer cup, according to Fig 3, 
C, D, E, F This IS easily done free-hand, if the pipette tip is bemg slid 
along the lower cup edge diagonally upwards through the mercury 
The transfer cup, contammg enough gas for a duplicate analysis, is now 
placed m front of the burette tip and a sample transferred to the burette 
according to Fig i, A, B, C, D At A the rmcrometer is at approximately 
1 5 divisions past zero, with the mercury flush with the tip At B the 
mercury seal has been pierced centrally At this point, the mercury con- 
tent of the burette must be so adjusted that the mercurj memscus m the 
tip is exactly flush with the needle opemng when the rmcrometer reads zero 
If this IS not so, pull the tip back mto the mercury and readjust At C 
the gas sample has been draivn mto the burette and a sealmg drop of acid 
has been added to the cup At D the cup is withdrawn and the burette tip 
IS automatically sealed by the acid 
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A7ialysis — The analytical piocedure is seen m Fig 4, E, F,G,H At E ' 
the vial vith the acid is advanced to the burette tip, where the sealing drop 
IS extended to be flush mth the tip opening At F the acid has been moved 
in over the needle tip and the meniscus has been located to a reading posi- 
tion, which IS exactly flush mth the needle’s openmg The total gas 
volume must be well inside the flmd to insure tempeiature control The 


Table I 

Comparison between Analyses on 0 5 Cc Analyzer and Analyses on y-Burelte 



0 5 CC samples 



0 370-0 362 c mm samples 




Per cent 




Per cent 





Room air 

and gas mixtures 





CO. 

0 06- 0 10 

0 1 

0 1 

0 0 

0 1 

0 0 

0 0 

0 0 

0 1 

0. 

20 86-20 90 

20 8 

20 9 

20 8 

20 8 

20 9 

20 9 

20 9 

20 8 

N- 

79 00-79 06 

79 0 

79 0 

79 2 

79 1 

79 1 

79 1 

79 1 

79 1 

CO. 

5 00 5 01 

4 9 

4 9 

4 9 

1 9 

4 8 

4 8 

5 0 

48 

0. 

15 72 15 73 

15 7 

15 7 

15 8 

15 9 

15 8 

15 8 

15 8 

15 8 

N: 

79 28 79 25 

79 4 

79 4 

79 3 

79 2 

79 4 

79 4 

79 2 

79 4 

COj 

15 38 15 36 

15 2 

15 1 

15 3 

15 2 

15 2 

15 3 

15 3 

15 4 

0. 

4 97 4 99 

5 0 

5 0 

5 0 

4 9 

4 9 

5 1 

4 9 

4 9 

Ns 

79 65 79 64 

79 9 

79 9 

79 7 

79 9 

79 9 

79 6 

79 8 

79 7 

CO 2 

29 53 29 53 

29 5 

29 5 

29 5 

29 4 

29 2 

29 4 

29 5 

29 4 

O 2 1 

50 86 50 85 

50 5 

50 7 

50 6 

50 5 

50 6 

50 7 

50 5 

50 8 

N 2 

19 61 19 62 

20 0 

19 9 

19 9 

20 2 

20 2 

n 9 

20 0 

19 8 

CO. 

83 59 83 59 

83 4 

83 3 

83 3 

83 5 

83 5 

8.. 5 

83 5 

83 3 

02 

15 17 15 20 

15 4 

15 5 

15 3 

15 5 

15 4 

15 3 

15 4 

IS 2 

Nj 

1 23 1 21 

1 2 

1 3 

1 3 

1 1 

1 1 

1 2 

1 0 

1 4 



1 





— 



■ 


CO. 

Oj 

N. 


Tank oxygen 


0 0 
99 63 99 65 
0 37 0 35 


0 

99 4 
0 6 


0 1 
99 4 
0 6 


All analyses are consecutive The first sample is room air taken directly w 
the burette All the others involve complete transfer b ith a transfer pipette an 
transfer cup Usuallj’’ duplicates or triplicates have been taken from the cup 
IS apparent from the table that the accuracy throughout the whole range can 
expected to be ±0 2 per cent, or often better 


micrometer is lead, Fi The NaOH solution is now moved onto the 
and most of the gas is moved out mto the solution (G) and the microme 
turned shghtly back and forth a couple of times until absorption is comp 
After only a few seconds the meniscus can be relocated to the tip \ )> 
the readmg Vs is taken 

Next, the vial inth the oxygen absorber is moved onto the nee ' 
most of the gas is extruded mto it while the block is being move s 
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back and forth When absorption is complete, the meniscus is relocated 
as in F, and the dilute acid of the last vial is brought over the needle 
Without the gas bemg extruded, the needle tip is washed a couple of times 
until all the red oxygen absorbent has been washed away, after which the 
final readmg, V 3 , is taken in vial No 2, contaming the concentrated acid 
solution 

The gas is then expelled m the acid wash of vial No 5, and the needle 
tip IS nnsed a few times for the next analysis The acid wash is then ex- 
pelled, and the burette tip is dried outside hnd inside by holding a suction 

Table II 


Companson between Analyses on 0 B Cc Analyzer and Analyses on y-Burelte 


0 5 CC samples 

Per cent 

0 07S-0 069 c mm samples 

Per cent 

j 

CO. 

0 06- 0 10 

0 1 

0 0 

0 1 

0 0 

Os 

20 86-20 90 

20 7 

20 9 

20 9 

20 8 

N. 

79 00-79 06 

79 2 

79 1 

79 0 

79 1 

COs 

5 00 5 01 

4 9 

5 2 

4 5 

4 9 

Os 

15 72 15 73 

15 7 

15 2 

16 3 

15 2 

N. 

79 28 79 25 

79 4 

79 6 

79 2 

79 9 

COs 

15 38 15 36 

14 7 

15 0 

14 5 

15 3 

Os 

4 97 4 99 

5 5 

5 4 

5 2 

5 1 

N. 

79 65 79 64 

79 8 

79 5 

80 2 

79 6 

COs 

29 53 29 53 

29 6 

29 2 

29 4 

29 5 

Os 

50 86 50 85 

50 5 

50 8 

51 2 

50 7 

Ns 

19 61 19 62 

19 9 

20 0 

19 4 

19 8 

COs 

83 59 83 59 

83 9 

83 0 

83 7 

S3 5 

Oj 

15 17 15 20 

14 9 

15 5 

15 5 

15 5 

Ns 

1 23 1 21 

1 2 

15 j 

0 8 

1 0 


All samples are consecutive The first sample is room air taken directly with the 
burette All the others involve complete transfer with a transfer pipette and trans- 
fer cup Usually duplicates were taken from the cup It is apparent from the 
table that an accuracy of ±0 5 per cent can be obtained throughout the whole range 

tube close to it With the mercury memscus flush with the needle tip, 
the micrometer should now read zero withm 1 division, if it does not, re- 
adjust the mercury content of the burette m vial No 1 

Calculation of Results 

Volume % CO., diy, = X 100 

Volume % Os, dry, = — * X 100 

Volume % Ns, diy, = Zf X 100 

F, 
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Accuracy of Method — The accuracy of the method was tested by com 
parmg it with results obtained with the 0 5 cc analyzer (6) 

Forty-tn o analyses of gas mixtures in samples of approximately 0 35 
c mm covermg a ivide lange of compositions, are presented m Table I 
In the first twenty-four analyses listed of gases approaching the composition 
of respiratory gases, sixty-one out of seventy-two determinations mth the 
micro analyzer differed by 0 1 per cent oi less from the standard values 
In the remainmg eighteen analyses of gases of unusual composition, forty- 
seven out of fifty-four detemuiiations differed bj’’ 0 2 per cent or less from 
the standard values 

In Table II aie given the lesults of twenty anabases in samples of 690 
to 75 0 Y-hters (0 069 to 0 075 c mm ) Out of the sixty determinations, 
fifty-five came out wnthm ±0 5 per cent of the standai d values 

We are greatly mdebted to Dr Laurence Irvmg for his constant en 
couragement and advice, to Mr Walter Flagg for most valuable assistance 
and for most of the analyses wnth 0 07 c mm samples, and to Mr Otto 
Hebei for his skill and craftsmanship in making the instruments and in 
desigmng many of the constructional details and mechanical features of 
the mstrument 

Fmancial assistance was provided for this research through Cost Ee 
imbursement Scientific Research and Development Contract No W33 038 
ac-14378, between Sivarthmore College and the Air Materiel Command, 
and by a grant from the Rockefeller Foundation 

SUMMARY 

A method is described which permits the samphng, transfer, and volumet 
nc analysis of respiratory gases m 0 3 c mm samples with errors not greatei 
than dbO 2 volume per cent and in 0 07 c mm sample j with errors no 
greater than ±0 5 volume per cent It wtU handle up t o 100 per cent a 
sorbable gases The analysis takes 4 to 6 minutes 
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MICRO BLOOD GAS ANALYSIS IN FRACTIONS OF A CUBIC 
MILLIMETER OF BLOOD 
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(Received for publication, April 25, 1947) 

Analysis of fluids in minute amounts or fiom shaiply localized legions 
permits definition m coriespondmg detail of lespiratoiy giadients and 
quantities The method here described permits sampling, transfei, and 
analysis of 0 7 to 0 14 c mm blood samples foi carbon dio\ide and o\ygen 
wuth an accurac}'^ of ±0 G pei cent foi the laiger samples and ±15 per cent 
for the smaller samples Nitiogen determinations are less accurate The 
analysis takes 15 to 20 minutes 

Pnnci'ph — The blood is sampled into a fine glass capillarj' and tians- 
fened directly to a mercuiy-filled miciometei burette needle of 1 emm 
capacity, accuiate to approvimately 1 in 3000 Betueen the buiette 
needle and the micrometer is interposed a mei cury -filled detachable ex- 
traction tube uhich on its ualls Ins a coating of dried acid and feiiicyanide 
The tip of the needle, containing the blood sample, is capped with ua\, and 
the needle-exti action tube unit is detached fiom the microraetei and 
placed in a centrifuge tube with the loivei end of the extraction tube dipping 
into the meicuij By the force of centrifugation, the mercuij'^ falls from 
the needle into the extraction tube, the blood dissolves the leagents, and 
the gases aie released into the vacuum space Reabsorption of the ex- 
tracted blood gases is prevented by suddenly stopping the centrifuge, 
whereby the rising meicuiy shoots past the blood and leagent solution, 
sticking to the walls of the tube, leaving the exti acted gas in contact only 
with mercuiy The burette needle is detached fiom the extraction tube 
and put onto the miciometei burette The wax tip is lemoved in a diop 
of acid solution and the gases aie analyzed as desciibed in the preceding 
papei (1) 

Apparatus — The miciometer buiette used is the same as that desciibed in 
the foregoing paper (1) It is necessarj’^ foi tins method that the micio 
plungei be made of stainless steel If plain steel is used, lactic acid in the 
reagents wall pioduce hydrogen bubbles m the burette needle and spoil the 
analysis For the analysis of blood or other liquids the followang additions 
are necessary 

The extraction tube (Fig 1, A) is made from a 1 5 mm boie glass tube 
The shoulder is piepaied \nth the jig used for micro gas analysis (1) 
The burette end of the tube is ground flat and straight in a jig (Fig 2, C, D, 
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thp^ iBirlVfP Same-pdished The neck must be round and must fit 

Se mmrl eMraction tube is held against 

the m t onto 

^e micrometer and engages the shoulder of the extraction tube, as did the 

dnlhZ^ ^ preceding paper) The yoke is made bi 

threaded andIpM 

0.en for melizng wax (F^g 1,C) A brass tube is furmshed ivnth ventila 
0 es and a side tube and is slipped oa er a small 110 volt light bulb 
connected with a rheostat A small vial with beeswax resting on a rod 
e ig t b IS kept heated to just above the melting point of the 



Fig 1 4 extraction tube vith sealed on burette needle B, steel joke holdmS 
ex rac c am er tight against fiber bearing for micro plunger, C, lamp for kcepinS 
vax melted and for drjing reagents in extraction tube, £>, evacuation of extraction 
u e wi a tac ed needle, B, vooden holders for centrifuge, F, caiitnfuge tube with 
extraction chamber unit ready for centrifugation, (?, transfer blood sample bj 
means of capillary hung on to the tip of the burette needle, H cutting off wax cap 
in acid with drawn out, broken off glass rod 


uax A steel wire bent to a small loop is left m the vial and used for 
ttPPlyiDg the melted wmx The side tube serves as a support foi the 
extraction tube w hen the reagents are being dried onto its w alls 

Btff/i vacuum pump A Cenco Hyx ac or similar pump is connected w ith 
a glass tube large enough to contain the extraction tube with the burette 
needle attached. Fig 1, D 

Angle centrifuge A small light type is preferable Wooden adapters for 
the centrifuge tube are prepared, which xvill fit into the metal tubes of the 
centrifuge (Fig I, E) It is essential to be able to stop the centrifuge 
suddenly For this purpose a board 30 X 20 cm with a hole 12 cm m 
diameter is clad with felt around the lower edge of the hole By pressing 
the board gently over the spuming conical housing of the centnfuge it can 
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easily be brought to a stop at a controlled rate without damage to the 
centrifuge 

Tool for revioving wax cap A 2 mm glass rod is drawn out to a fine rod 
(Fig l,jy), which IS broken off to form a sharp edge It serves for removing 
the va\ cap of the burette needle 

Cleaning rods A piece of ivire Avhich will easily slip through the ex- 
traction tube is sealed onto a piece of glass tubing for easier handling 
A similar tool is prepared with a very fine wire for cleamng the burette 
needle 

Blood samphng pipettes A glass tube is drawn out to a thm walled 
capillarj’’ just big enough to fit over the burette needle tip If the tissue 
has to be speared to get the sample, one end of the capillary is drawn out to 
a tip In many cases the mercury transfer pipette is preferable ((1) Fig 
3, A) 

Solutions — In addition to the syringes ivith acid, water, absorbing 
solutions, meicury, and grease, as described for the gas analysis method 
(see the pievious paper), the following five solutions aie necessary These 
solutions are kept m five wide mouthed 50 cc vials ivhich are placed in a 
row of 5 holes dulled in a block of wood 

Acidfeirtcyamde AddlScc of water to 5 cc of concentrated lactic acid 
(85 per cent) in a small measunng cylinder and pour into a mortar Add 
2 gm of potassium ferncyamde and dissolve in the mortar Store m a 
wide mouthed vial 

Urea solution Dissolve 40 gm of uiea in 100 cc of water Store part 
of it in a mde mouthed lual 

In addition, store w'ater, carbon tetiachloride, and acetone, each in a 
wide mouthed vial 


Procedure 

Assembling of Burette — ^The extraction chamber, detached from the 
burette needle, is cleaned by suckmg it full of the urea solution and rinsuig 
it mechanically wnth the wire tool Carbon teti achloride and acetone aid 
m gettmg rid of the wax With the micrometer end of the tube attached 
to the suction hne, draw w'ater through the tube, followed bj- acid fern- 
cyanide solution Then place the tube immediately into the side arm of 
the oven so as to pioduce a more or less continuous coating of dry acid 
femcj'anide on the inside of the tube Clean the burette needle in the 
same way as described for the extraction tube, using the finer wire tool 
Stick the base of the needle m the neck of the exlraction tube and appl}' 
wax around the jomt by means of the A\ax loop Heat the joint \ery 
cautiQUbh^ until the wax melts and flows in around the needle and fills out 
the comei between the ground needle base and the extraction chamber 
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Care is required so that the needle is not plugged ivith wax Seal the rear 
end of the extinction tube superficially by depositing quicUy a button of 
wax on it, iihich can easily be pushed off Stick the unit, tip down, m a 
tube contaimng some mercuiy (Fig 1, D) and connect with a vacuum 
pump Tilt the tube so that the needle tip is not blocked by the mercury 
Aftei I to 1 mmute’s evacuation, turn the tube vertically so that the tip is 
below the mercury surface, stop the pump, and open slowly to air The 
unit will then completelj' fill with mercury Remove it from the tube, and, 
handling it by the lubber eollai to prevent undue heating, close the tip 
WTith a hngei and push the wax button off with a fiingemail If the tube is 
not completely full of mercuiy, fill m the remamder by means of the 
mercuiy pipette ((1) Fig 3, A), which is stuck into the rear openmg 
Apply a small drop of giease over the rear end of the tube, and likewise 
over the micio spmdle, w'hich is advanced 1 to 2 mm out of the fiber 
bearmg Slip the yoke ov ei the extraction chamber and ]om the extraction 
chamber onto the micrometer The grease drops on both of the joining 
parts prevent trapping of air bubbles Screw the micrometer in to zero, 
leavmg the needle tip m mercury, which occupies the first vial m the re- 
agent block Due to the large volume of the burette it is quite sensitive 
to temperatuie, and must be allowed to equihbrate a couple of minutes 


before the mercury will lemam stationaiyf at the needle tip 
Tramfei of Blood Sample — The blood is sampled directly in a fine, 
freshly diawn capillary tube just fine enough to slip over the burette 
needle tip (Fig 1 , G) The samplmg end of the capillary is iither blunt or 
drawn out to a fine tip w^hich is cut off before transfei If olood cannot he 


drawm by either of these direct methods, the mercury pipette used for gas 
samplmg (see the preceding papei) is used and the capiUaiy'^ tubing is 
charged from it means of the meicuiy drop on the reagent bloc 
adjust the mercuiy flush with the needle tip when the micrometer is set a 
0 mm With the blood sample out to the end of the transfer capiUa^ 
place the latter suspended on the needle tip (Fig 1, G), suck off any bloo^ 
which may havm oozed out around the jimction, and draw in 10 mm 
blood measured with the miciometer The smlace tension at the junction 
prevents any air fiom entermg the needle or capillaiy Remove tran 
capillarj’^ and apply wax fi om the wire loop on the needle tip by sev^era ig 
touches until it forms a pear-shaped cap Tins forms the seal for the vacu 
extraction to follow Unscrew the yoke and detach the extraction c 
unit Refill the real end of the extraction tube with mercuiy, 
mercury pipette until the mercuiy protrudes as a small drop ^ 

security agamst trapping air around the openmg is to moisten i 


httle saliva on the finger ,.pntnfuge 

Vacuum Extraction — Drop the extraction tube mto the smau 
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tube which contains just enough meicury to covei the diawn out open end 
of the tube (Fig 1, F) Further descent of the tube is pi evented bj' the 
iubbei ring ai ound the neck of tlie extraction tube Place the centrifuge 
tube in the v ooden adapter (E) which goes into the angle centiifuge Run 
the centrifuge up to full speed This throws the mercury m the extraction 
tube doun close to the meicuiy le\el of the centiifuge tube, creating a 
vacuum space foi the extinction ( 2 ) On its way dowTi the blood dissolves 
the acid feriicyanide fiom the walls The centrifuge is slowly stopped, 
letting the blood solution back up mto the needle m older to mux wuth the 
traces of blood which remam on the ivalls The centiifuge is then iiin up 
to full speed foi 1 mmute to complete the extinction The brake boaid is 
placed 01 ei the comcal centiifuge housing and piessed down gently, 
stopping the centrifuge in about 1 second With a little expeiience the 
proper braking time w ill be found w'hich wall make the mercurj'^ shoot past 
the" blood which adheres moie firmly to the w'alls of the extraction tube, 
leaving the exti acted gas ti apped b3’- mei cui3' m a pi actically di3'^ needle tip 
This inversion eEfectiveW presents leabsorption of the extracted gases 
Without lifting the extraction tube out of the meicury, inspect undei the 
dissecting micioscope to make sine that inversion is complete, that is, 
that no blood solution is left on top of the mercuiy memscus and that no 
gas bubbles are ti apped along the walls and no blood lemains in the tip 
Lift the tube out and pull the buiette needle out of the extraction chambei 
neck wnth a straight pull Refill if necessaiy the leai end of the needle 
wuth mercur3'- fiom the pipette until the meicur}" piotiudes Cover the 
rear end with a drop of grease fiom the S3'^rmge and do likewise wuth the 
micio spindle which piotrudes about 3 mm from the fiber disk Join the 
grease drops of the needle and plunger togethei and shove the needle onto 
the plungei until it hits the fibei disk No an bubble should be trapped 
m tins procedure Now slip the plastic yoke used fci micro gas anab'^sis 
(see the piexious papei) oxei the needle and tighten up gentl3" The gas is 
now^ undei positive pressuie Relieve this by screwing the micrometei 
back about one and a half to tw o turns Move the reagent block (see (1)) 
so that the acid solution sui i ounds the needle tip 

Gas AmJysjs — ^Remove the w'ax cap b3'^ cutting it off on an oblique 
tow aids the tip (Fig 1 , H) Transverse poking mai bieak the needle tip 
If the w ax is cut right at the tip of the needle, it will open up as a flat lid and 
will not trap gas as it ma3’^ if it is poked off as a cup As soon as the w ax 
cap breaks open, the acid meniscus w'lll move into the needle The 
meniscus is inimediatel3'' bi ought out to a leading position flush wuth the 
tip and the miciometer is read (see the previous paper. Fig 4 , F) The 
partial pressure of carbon dioxide is generallv 1 013"^ high, and some absorp- 
tion mto the acid wull take place if this step is dela5’^ed 
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,The rest of the analysis follows the description in the preceding paper 

Calculahons — ^In addition to the factors for converting the gas volumes 
to s T p , two more factors enter the calculations, namely, a capiUantj 
factor and a factor for incomplete extraction of dissolved gases Both are 
determmed empirically 

Capillarity Factor — ^This depends upon the fact that the gas lolumes 
are compressed above the ambient pressure by capillary forces m the 
needle tip This compression varies mth each needle and to a slight 
degree with the wettmg properties of the different solutions The capil 
larity factor is determined for each new needle once and for all in the fol- 
lowmg way Attach the needle directly to the micrometer without the 
extraction chamber and set the micrometer at zero with the mercury at the 
tip of the needle Draw m exactly 10 mm of an and place the vial mth 
the acid over the tip Adjust the meniscus flush vuth the tip and read 
The difference of, e p , 25 0 ( = 0 25 mm ) divisions represents the com 
pression at the reading point by capillary force, amounting in this example, 
to 2 5 per cent Hence the factor by w'hich all readmgs of gas volumes 
with this particular needle must be corrected is 1 025 The factor is 
smaller for large bore tips, larger for small bore tips 

Factor for Incomplete Extraction of Gases — ^The amount of gas iihichis 
not remo\ ed from the solution by extraction (correspondmg to the I factor 
m the Van Slyke manometne techniques) is determined empirically by 
the following procedure ' A blood sample of knovTi composition is 
extracted m the centrifuge and mverted as m a legular analysis Th® 
whole unit is put back onto the micrometer, and the v ax cap cut off dry 
The mercury is brought to the tip of the needle, ejecting the extracted gas, 
and the needle is wax-capped again wnthout trapping any air The unit 
IS exti acted m the centrifuge and analyzed again m the regular manner 
If 1000 0 divisions of blood on first extraction yield 500 0 divisions of CO* 
and on second extraction yield 25 0 divisions of CO 2 ( = 5 per cent of 500), 

5 pel cent would still have been unextracted The total unextracted n 
therefore be 25 0 X 1 05, or close to 26, vshich equals 5 1 pei cent of 500 , 
and the final factor is 1 051 The combined factor for capillarity (e > 

1 03) and unextracted CO 2 (e , 1 051) is then 1 051 X 1 03 = 1 0 > 
similarly , for oxygen the capillarity factor remains the same, but t e re 
absorption factor is much less, eg ,1 005, the combined factor for oxygen 
hence is 1 03 X 1 005 = 1 035 

The general formula for calculation of the gas volumes can be vti e 

1 This factor undoubtedly vanes with the temperature, but between 
enough apparently to be empmcally determmed by the method of the secon 

tion. 
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follows, according to derivation from Van Slyke’s and Stadie’s formula 
((3) p 249), 


V = 


B -W 
760 


X F,X F,X Fe 


vhere V = gas volume (s t p ) m teims of micrometer divisions, B = 
bai ometric pressure , TV = watei vapoi tension of blood solution (a close 


Tabu: I 


Temperature Correction Factor Ft* 


°c 


C 


‘C 


15 

0 9455 

20 

0 9286 

25 

0 9124 

16 

0 9421 

21 

0 9255 

26 

0 9092 

17 

0 9382 

22 

0 9221 

27 

0 9060 

18 

0 9353 

23 

0 9188 

28 

0 9029 

19 

0 9320 

24 

0 9156 

29 

0 8998 


* Adapted from Peters and Van Slyke, Table 27, p 260 (3) 


Tabus II 


Comparison between Analyses of Mammalian Blood Gases on V an Slyke Apparatus 

and on y-Burette 



1 cc samples 

Vo! per cent 

0 72 cjom samples 

Vol percent 

Oxygenated (W F ) 

CO 2 

28 3 

28 3 

28 3 

28 3 

28 7 

28 4 

28 2 


0 . 

19 0 

19 5 

19 2 

18 7 

18 5 

19 1 

18 6 


N= 

1 5 

1 6 

1 6 

2 2 

1 9 

1 8 

2 0 

Venous stasis (W F ) 

CO. 

55 2 

55 1 


53 9 

55 0 

55 3 

55 4 


02 

6 0 

6 4 

6 1 

5 9 

5 9 

5 8 

5 9 


Nj 

1 2 

1 6 


2 6 

2 8 

1 9 

2 7 

Drowned rat 

CO. 

55 2 

55 1 


54 8 

54 7 

54 6 

55 4 


02 

0 5 

0 5 


0 3 

0 3 

0 3 

0 2 


N: 

1 3 

1 2 


1 7 

1 8 

■H 

1 4 


Out of twelve CO. determinations, ten are inside of ±0 5 per cent of the true figure 
Out of tn elve o\-ygen determinations, ten are inside ±0 5 per cent of the true value 
All nitrogen values are too high by 0 2 to 1 6 per cent 


enough value foi TT^ is obtained by subtracting 5 from the temperature, 
at 20° it IS close enough to 15 mm , at 25° to 20 mm , etc ),Fi = the factor 
for temperature (Table I), V, = the factoi for incomplete extraction, 
Fc = the factor foi capillarity 

The final formula for calculating the volumes per cent of gases in a 
sample of hlood measured by 10 mm on the micrometer is accordmglj 
V/10 = (B — TF)/760 XFtXFtX Fc where V is the gas volume (COo Oe, 
CO, N 2 ) m terms of micrometer units 
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Accuracy of Analysts — ^The accuracy of the carbon dio' ide, oxj gen, and 
nitrogen determination has been checked aginst the Van Slyke-Neill 

Table III 


Comparison between Analyses of Ai’zaa and Fish Blood Gases on Van Slyle 
Apparalvs and on y-Buretie 


1 

1 

1 

1 

1 cc samples 

Vol per cent 

0 6c mm samples 

Vol percent 

Duck, venous 

CO, 

44 4 

44 4 

45 1 

44 

3 

46 0 

46 0 

45 3 

44 9 

44 8 

444 


Os 

16 3 

16 2 

15 5 

15 

4 

15 8 ^ 

15 3 

15 2 

15 2: 

14 81 

15 8 


Ns 




2 

0 

1 8 

1 5 

1 3 

1 4| 

1 6| 

27 

Carp, partly aerated 

COj 1 

10 8 

10 9 


11 

1 

10 7 

11 0 

10 8 





Os 

11 3 

11 3 


10 

8 

10 4 

10 6 

10 6 





Ns 




3 

0 

3 3 

2 7 

3 6 




Carp, aerated 

COi 1 

6 6 

6 4 


6 

3 

6 5 

6 4 

6 1 





0, ! 

16 4 

16 2 


16 

7 

16 1 

16 1 

16 3 





Ns 1 




B 

a 


2 9 

53 





Out of fifteen COj determinations in duck and carp blood thirteen are inthiii 
±0 5 per cent of the true value Out of fifteen oxygen determinations in duck and 
carp blood tn elve are inside ±0 7 per cent of the true value Most mtrogen values 
are from 1 to 2 per cent too high 


Table W 


Comparison between Analyses of Blood Gases on Van Slyhe Apparatus and 
on y-Buretle with Extremely Small Samples 




1 CC samples 


0 14 c mm samples 




Vol percent 



Vol percent 



Venous stasis (W F ) 

COs 





51 3 



52 7 

517 


Os 


4 2 


5 2 


4 3 

5 7 

48 



Ns 


1 9 


4 6 

5 1 

3 8 

2 9 

4 3 

Rabbit, arterial 

COs 

41 1 

41 1 


40 7 

42 0 

36 6 

39 7 

41 3 



0 

15 2 

15 1 


15 5 

13 2 

15 9 

15 9 

15 9 



Ns 

1 2 

1 1 


3 1 

4 3 

6 6 

4 5 

4 9 


Rabbit, arterial 

CO, 

41 5 

41 5 


41 1 

40 5 

41 9 

41 8 




Os 

15 9 

15 5 

15 4 

16 1 

16 3 

17 1 

16 4 




Ns 

0 9 

1 2 


5 6 

5 8 

8 2 

5 5 



Duck, V enous 

CO, 

50 7 

51 2 


49 7 

53 1 

49 9 

51 2 




Os 

9 2 

8 9 


8 5 

8 0 

8 1 

7 2 




Ns 

0 9 

1 3 


2 8 

3 9 

7 1 

3 4 

— — 



Out of mneteen COj determinations fifteen are inside ±1 5 per cent o ^ 
\ alue Out of nineteen oxygen determinations fifteen are inside ztl par cen 
true value All mtrogen values are from 1 to 6 per cent too high 


manometiic method by the analyses of different samples of mar^alifl > 
avian, and fish blood The results are seen m Tables II, HI. 
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It IS believed that the method is quite generally applicable to a variety 
of diffeient body and other liquids encountered in experimental physiology, 
or m dealing with othei solutions If the liquid contams no pioteins, oi if 
it IS too low in proteins to adhere to the Avails of the extraction tube when 
the centrifuge is stopped, the reagents Avhich are dried on the extraction 
chamber may be made sufficiently adhesive to hold bj'' adding aquaresm 
(Glyco Products Company, Inc , New York) By this means the dissoh’^ed 
gases m water or m crustacean blood have been successful!}’’ determmed 
It has been our experience that the anal 3 ^sis of true solutions can be con- 
siderablj’’ more accurate than the analysis of blood 

Financial assistance was provuded for this lesearch through Cost Reim- 
bursement Scientific Research and Development Contract No W33-038 
ac-14378, between Swartlimore College and the Air Materiel Command, 
and by a grant fiom the Rockefeller Foundation 

SUMMAR-i 

A method is desciibed which permits the sampling, transfer, and micro 
gasometric analysis of 0 7 to 0 14 c mm blood samples for carbon dioxide 
and oxygen with an accuracy of ±0 6 pei cent for the larger samples and 
±15 per cent foi the smallei samples Nitrogen determinations are less 
accurate The analysis takes 15 to 20 minutes 
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COMPARISON' OF A MODIFIED FOLIN PHOTOMETRIC 
PROCEDURE AND THE NINHYDRIN MANOMETRIC 
METHOD FOR THE DETERMINATION OF 
AMINO ACID NITROGEN IN PLASMA 

Bt FRANCIS P CHINARD* and DONALD D VAN SLYKE 
{From the Hospital of The Rockefeller Institute for Medical Research, New York) 

(Received for publication, May 21, 1947) 

Evolution of CO 2 by reaction of a-amino acids vnth mnbydnn is charac- 
teristic of the groups C(NH 2 )COOH and C(NH — CR)COOH, and measure- 
ment of the evolved CO 2 affords the most accurate procedure available for 
the determmation of free a-ammo acids m biological material (1) At 
pH 2, used for application of the procedure to blood filtrates (2), all the 
amino acids knovn to be yielded by protein hydrolysis give quantitative 
yields of CO 2 except glycine and tiyptophan, which give respectively 5 and 
10 per cent less than theoretical, and lysme which gives about 5 per cent 
more ((1), Table PV) The older nitrous acid method (3) and Sdrensen’s 
(4, 5) formaldehyde titration as applied to blood filtiates mclude ahphatic 
ammes other than amino acids, and prohne and hydroxyprohne are not 
determmed in the nitrous acid method The colonmetnc procedure de- 
veloped by Fohn (6) hkeivise includes ahphatic ammes other than ammo 
acids (7), however, Van Slyke and Kiik (5) found that when apphed to 
blood and urine the colorunetric method gave results different from those 
of the formaldehyde titration and the nitrous acid method, which shoved 
approximate agreement with each other Neither Van Slyke and lUrk 
(5) nor Re and Potick (8) could obtain by the colorimetric method even 
approximate recoveiy of added ammo acids However, a recent photo- 
metric^ modification of this colorimetric method by Fiame, RusseU, and 
Wilhehni (9) and Russell (10), which requires but 0 2 ml of plasma for 
duplicates, is simple and rapid, and embodies improvements vhich, it 
appeared, might make the method sufficientl 3 '- accurate for many purposes 
The work descnbed below vas done to determine with vhat degree of 
accuracy the photometric procedure, either as described by Frame, Russell, 
and Wilhelmi (9, 10) or with modifications, could be used as a substitute for 

* Fellow in the Medical Sciences of the National Research Council 
1 The term “photometric” is here used to indicate the procedure in which a pho- 
tometer measuring optical density is employed, “colorimetric” for one in which a 
Duboscq type colorimeter is used The term “photometric mtrogen” describes the 
mtrogen determined by the photometric procedure, “mnhydnn mtrogen” the mtro- 
gen deternuned by the mnhydrm-CO, manometric method “Ninhjdrin mtrogen” 
IS identical vuth “carboxyl mtrogen” used in some previous publications 
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the more laborious mnhydnn manometnc method m analyses of normal and 
pathological human plasma Bonsnes (11), in a paper appearing as this 
goes to press, finds that m normal and pregnant women the photometno 
method gives values “some 7 to 9 per cent higher” than the ninhydrm 
manometnc method 


EXPERIMENTAL 

Procedure 

Photomeinc — The procedure descnbed by Fmme, Russell, and Wilhelmi 
(9) with the modifications recommended by Russell (10) was used Be- 
cause of high blanks, the l,2-naphthoqumone-4-sodium sulfonate ohtamed 
commercially was punfied by Fohn’s method (6) A standard curve of 
glutamic acid was used for the mdividual amino acids and for plasma dc 
terminations instead of a mixed standard of glycine and glutamic acid 
For each set of determinations a standard curve based on at least three 
concentrations (usually with 4, 8, and 12 y of glutamic acid nitrogen per 15 
cc of final colored solution) was estabhshed The Coleman junior spectro 
photometer, with wave-length scale set at 476 m/t, v as used for most of the 
the analyses of prepared ammo acid solutions and all the plasma determina- 
tions A few determinations were done on the Beclonan quartz spectro- 
photometer to check the position of the absorption maxima observed m 
the Coleman instrument with mdividual amino acids Tungstic acid 
filtrates i\ ere used 

Nznhydnn Manomeinc Analyses — ^The procedure descnbed by Hamilton 
and Van Slyke (2) as modified by these authors (12) was used throughout 
The results are corrected for urea nitrogen for plasmas with normal urea 
nitrogen With abnormally high urea nitrogens the carboxyl tubes were 
mcubated for 3 hours at 60° with 200 mg of mnhydnn as descnbed m (2) 

Results 

Agreement with Beer-Lanibert Law — In photometnc detenmnations made 
with the Coleman junior instrument the constancy of the K m the equation 
D = cK, was generally adequate, but vanations of 5 per cent and 
were observed for some amino acids over the range of 4 0, 8 0, and 
y of a-ammo mtrogen per 15 cc of final colored solution (D mdica 
optical density calculated as logio (Jo/ 1), c is the concentration of 
gen, A IS a constant for the cuvette and wave-lengths used ) Wi 
Beckman spectrophotometer glutamic acid gave constant A values ov 
amino mtrogen range 8 0 to 40 0 7 per 15 cc of final colored solution ( a- 
I) With concentrations of ammo mtrogen below 8 7 or above 4 7 
15 cc , deviations of several per cent appeared At the lower concen ra 1 
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the percentage error in optical density measurement increased, and above 
40 7 deviations from the Beer-Lambeit law became marked Deviations 
of all types weie more marked with the less precise Coleman instrument 
than mth the Beckman With the Coleman mstniment, howeier, the 
reproducibility of the standard cui-ve of glutamic acid i\as adequate 
m twenty deteiamnations of 4 0, 8 0, and 12 0 7 of glutamic acid a-amino 
nitrogen the mean optical densities (m cvhndrical cuvettes of 16 mm bore) 
and estimated standard deviations were 0 110 db 0 006, 0 212 ± 0 004, and 
0 317 ± 0 006 respectively 

Detci'minahons of hidmdiial Ammo Acids — Analyses vere made of solu- 
tions of the amino acids hsted m Table IT Solutions of each ammo acid 
were prepared, in most cases m three concentrations, 4, 8, and 12 7 of a 
ammo nitrogen per 15 cc of final colored solution The ammo acid prop 


Table I 

Variation of Molar Extinction Coefficient with Concentration of Glutamic Acid 


NHi-N glutamic acid per IS cc 

Optical density I 

Molar extinction coefficient 

r 



4 0 

0 067 

3540 

8 0 

0 138 

3654 

12 0 

0 206 

3628 

16 0 

0 278 

3672 

20 0 

0 350 

3698 

40 0 

0 692 

3656 

60 0 

0 997 

3512 

80 0 

1 262 

3334 

100 0 

1 559 

3296 

200 0 

2 26 

2388 


Data obtained with Beckman spectrophotometer, X = 475 m/i, sht width 0 07 mm , 
depth of transmitting layer of solution, 1 cm 


aiations were checked for purity by analysis for a-amino mtiOgen by the 
manometnc nmhydnn method, and when the result differed from theoreti- 
cal, the observed a-amino nitrogen content was used to calculate the con- 
centration of the solution for photometnc analj^sis Exceptions were 
cysteme, for which the theoretical mtiogen content was used, and glutamme, 
the purity of which was determmed by the method of Hamilton (13) 

The colors were de% eloped as described bj'^ Russell (10), from dupheate 
portions of each ammo acid solution diluted to 5 cc , and the final colored 
solutions w ere brought to a volume of 15 cc Readmgs on the dupheates 
w^ere made on the Coleman or Beckman photometer from 10 to 20 minutes 
after the final dilutions Calculations were made from standard optical 
density curves prepared wnth glutanuc acid All densities w'ere measured 
at X = 475 m;i 
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The results are given m Table II Duplicate readings on solutions mth 
the same concentration of amino acid usually agreed -rathin 2 oi 3 per cent, 
but solutions of different concentiations, as is seen in Table II, often differed 
from each other by more than 5 per cent in the amount of theoretical annno 
mtrogen mdicated by their readmgs 


Table II 

Waie-Length of AbsorpHon Maxima and Per Cent of a-Amino Nitrogen Determined 
against Glutamic Acid Standard 


Per cent of 1 atom of N per mole determined at X » 47S mp \vith 
varying amounts of a N present per 15 cc solution 


Ammo acids 


Wave length 
maxima 


Coleman spectrophotometer 


Beckman spectrophotometer 


47 



mtt 


Glutamic acid j 

475 

100 

Alamne 

482 

90 

Argimne 

478 

83 

Lysine 

495 

150 

Glycine 

490 

80 

Proline 

478 

60 

Hydroxyprolinc 1 

475 

59 

Sarcosine 

465 

oS 

Histidine 

478 

85 

Phenylalanine 

478 

106 

Tyrosine 

475 

90 

Tryptophan 

475 

99 

Valine 

478 

99 

Gj stine 

478 

90 

Cysteine 

485 

87 

Aspartic acid 

478 

95 

Asparagine 

472 

100 

Glutamine 

475 

99 

Leucine 

480 

105 

Isoleucinc 

470 

103 

Norleucine 

475 

105 

Methionine 

480 

83 

Threonine 

485 

92 

Serine 

480 

95 

Ammonia 

500 

80 


87 

12 y 

12 T 

167 

20 7 

100 

n 




98 


108 2 

106 2 

104 G 

84 

■■ 

91 2 

87 4 

84 3 

159 

■■ 

162 2 

161 2 

153 8 

88 

90 

93 2 

91 4 

89 7 

59 

58 




58 

57 




60 

62 




93 

101 1 




103 

106 




90 

103 

i 



100 

99 

1 



98 

100 




86 

S4 

SI 5 

SO 9 

78 6 

84 

SO 

79 6 

77 0 

1 

75 5 

98 

100 




100 

98 




99 

99 




104 

102 




97 

100 




107 

100 




90 

93 




90 

90 




96 

93 




93 

94 






The giosser deviations from theoietical values shown m Table , 
particular the lov values for prohne and hydrovj'^prolme, are , 

those found by Frame, Russell, and Wilhehm (9) mth Filter 490, a lo 

the percentage values differ somewhat from theirs Dunng 

Fadmg occurred in varying degree mth all the amino acids 
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the penod 10 to 20 minutes after the colored solutions -were diluted fadmg 
in solutions of most of the ammo acids was of the order of 1 to 2 per cent of 
the optical density measured 10 minutes after dilution Fadmg vas much 
more rapid m the cases of prohne and hydroxyprohne As an example, 
m an experiment inth prohne, the optical density indicated 59 per cent of 
the theoretical nitrogen when the reading was made 10 mmutes after the 
final dilution, and only 25 per cent when the reading was made on the same 
solution 30 mmutes after the dilution 

Optical Densities of Solutions of Compounds of 1 ,S-Naphthoquinone- 
4-Sodiuni Sulfonate with Glutamic Acid and Lysine — To ascertam whether 
the observed differences m wave-length of maximal absorption (Table II) 
were not artifacts due to fadmg or to presence of varymg amounts of un- 
reduced naphthoqumone sulfonate the colored compounds of glutamic acid 
and tysme with the naphthoqumone* v ere prepared and the optical density 
cur\’'es were determmed m the absence of reagents other than phthalate 
buffer used to set the pH To solutions of glutamic acid and lysme, each 
conta inin g 250 mg of a-ammo nitrogen m 100 cc and adjusted to pH 9 2 
by addition of 1 0 N NaOH and borate buffer, v ere added 500 and 1000 mg 
of the naphthoqumone sulfonate The mixtures were heated on the bath 
for 10 mmutes, cooled, and 100 cc of concentrated HCl v ere added to each 

' Frame, Russell, and Wilhelmi (9) suggest that the compoimds formed are analo 
gous to that formed by the qmnone with amline 



Schiller (14) showed that, with a-amino acids, the reaction occurs with evolution of a 
molecule of CO» Hence the products to be expected from a monoamino acid, 
R CH, NHz COOH, would be 


O 



-b SO 2 -f HO -t- CO. 


while each of the two NH- groups of lysme would presumably condense with a mole- 
cule of quinone 



576 


PHOTOJIETRIC AND JIANOMETRIC AMINO ACID N 


solution Precipitates formed and ivere separated by centrifugation The 
lysine compound ■v\as washed thiee times with distilled water, the glutamic 
acid compound because of its highei solubility was washed only once The 
lysme compoimd was purplish red in coloi and relatively insoluble m water 
The glutamic acid compound was light led and easily soluble Solutions 
in a phthalate buffer of pH 2 6 had optical density maxima at 500 m/i 
for the glutamic acid compound and at 475 va.fi for the lysine compound 
Similar differences w'ere found at pH 1 8 The relations are the reverse 
of those found under the conditions of loutme analysis, with reduced naph 
thoqumone present , the glutamic acid compound then has its maximum at 
475 mfi and the lysine compound at 495 m/i (Table II) In 60 per cent 
ethanol there w'as a slight shift m wave-length of maximal density to 510 
m /1 for the glutamic acid compoimd and 490 for the lysme compound Af- 
ter addition of 2 N NaOH the lysine solution turned brown with a gradually 
increasmg optical density towaids the shorter w'ave-lengths, while the 
glutamic acid solution turned gieen mth a definite peak at 600 m/t 
Comparison of Results Obtained in Plasma Analyses with Ninhydnti 
Manometnc and Photomeb ic Pi ocedures — ^Picric acid filtrates for the mn 
hydrm manometnc method and tungstic acid filtrates for the photometnc 
method were made from the same samples of plasma from patients m the 
Hospital of the Rockefeller Institute The results aie recoided in Table 
III, and a distiibution of the photometric values m percentile relation to 
the ninhydrin nitrogen detennmed is given m Fig 1 Approximately 20 
per cent of the photometric values are withm ±5 per cent of the nmhydna 
values, but 54 pei cent deviate by more than ±15 per cent from the nm 


hydrin values, and some deviations exceed 400 per cent 

Recovery of Added Ammo Acid Nitiogen — ^Plasma samples were obtaine 
from a nephrotic child not m hypoaminoacidemic cnsis, from a norma 
mdividual, and from a cirrhotic patient mth jaundice Two casern enry- 
matic partial hydiolysates contammg some polypeptide nitrogen were 
used as the source of added amino acid nitrogen Hy'^drolysate a was 
commercial product, “amigen,” used to treat the nephrotic patients, i 
contained in 1 30 dilution 20 1 mg of total mtrogen per 100 cc Hydro y^ 
sate b w'as a solution of 0 5 gm of a dned casein hydrolysate m 100 cc 
distilled water , it contained 65 0 mg of total nitrogen per 100 cc Tungs m 
acid filtrates w ere made of each plasma and of each plasma plus an eq 
volume of hydrotysates Portions of the same filtrates were used 
nmhydrm and the photometnc determmations The average recover} n 
97 to 99 per cent foi the mnhydrm procedure in terms of mnhydnn m 
and 100 to 116 per cent for the photometric procedure m terms o p 
metnc nitrogen There were differences of 19 to 48 per c^ 
nmhydrm nitrogen and the photometnc nitrogen determined on e 
filtrates (see the last column. Table IV) 
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Table III 


Comparison of ConccnlraUons of Ammo Acid Nitrogen in Human Plasma Determined 
by Ntnhydrin and Photometric Procedw es 


Plasma 

No 

1 

Diagnosis 

Nmhydrm N 

(o) 

Photometric N 

w 

Difference 

ia-h) 

Per cent nmhy 
drm nitrogen 
determined by 
photometric 
procedure 

1 

Normal 

tng per 100 cc 

4 25 

mg per 100 cc 

4 2 

mg per 100 cc 

-0 05 

98 8 

2 


3 

52 

4 7 

+1 18 

133 5 

3 

Latent nephritis 

4 

30 

4 1 

-0 20 

95 4 

4 


3 

64 , 

3 6 

-0 04 

98 9 

5 


3 

96 

3 9 

-0 06 

98 5 

6 


2 

92 

3 2 

+0 28 

109 6 

7 


3 

52 

3 1 

-0 42 

88 0 

8 


4 

81 

3 4 

-1 41 

70 7 

9 

Nephritis active 

4 

13 

4 5 

+0 37 

108 9 

10 

Nephritis, terminal 

2 

37 

11 3 

+8 93 

477 

11 


3 

88 

17 3 

+13 42 

446 

12 


3 

91 

19 2 

+15 29 

491 

13 

Nephrotic syndrome 

3 

54 

4 2 

+0 66 

118 6 

14 


3 

78 

3 2 

-0 58 

84 6 

15 


4 

09 

3 0 

-1 09 

73 4 

16 


3 

59 

3 2 

-0 39 

89 1 

17 


3 

51 

3 6 

+0 09 

102 5 

18 


5 

09 

4 6 

-0 49 

90 4 

19 


3 

73 

2 8 

-0 93 

75 1 

20 


3 

81 

3 2 

-0 61 

84 0 

21 


6 

00 

5 6 1 

-0 40 

93 4 

22 


3 

66 

2 3 1 

-1 36 

62 9 

23 


4 

85 

4 8 

-0 05 

99 0 

24 


4 

64 

3 8 

-0 84 

81 9 

25 


3 

45 

2 5 

-0 95 

72 5 

26 


5 

10 

4 7 

-0 40 

92 2 

27 


3 

12 

2 9 

-0 22 

93 0 

28 


3 

69 

3 0 

-0 69 

81 3 

29 


3 

44 

5 3 

+1 86 

154 2 

30 


3 

09 

3 1 

-0 01 

100 3 

31 


3 

17 

2 9 

-0 27 

91 5 

32 


3 

29 

3 9 

+0 61 

118 6 

33 


3 

40 

2 3 

-1 10 

67 6 

34 

Nephrotic crisis 

2 

32 

2 8 

+0 48 

120 6 

35 


2 

25 

1 9 

-0 35 

84 4 

36 


2 

40 

2 1 

-0 30 

87 5 
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jS-sulfonate, and naplithoqumone-4-thi03ulfonate were tried Prelimmarj' 
tests indicated that this last compound would be as suitable as the naph- 
thoqumone sulfonate, but it was abandoned because of its instability 
Othei substituted ] ,2- and ] ,4-naphthoqumones ueie also tried imsuc- 
cessfulb’' 


DISCOS&IOA • 


Some of the ammo acids do not give theoretical lesults by the photo- 
metnc procedure e\ en i\hen the standard is a glutamic acid solution of the 
same molar concentration, and, when their concentrations are varied, not 
all of the ammo acids obey Beer’s lav at the wave-length of 475 
The compounds foi-med by the naphthoqumone with the different 
ammo acids have diffeient optical density peaks and considerable fading 
occurs m some cases Under these circumstances it might be expected 
that m plasma analyses the results obtained with the photometric pro 
cedure would differ somewhat from those obtamed with the more specific 


and quantitative nmhydim manometric method In fact, however, the 
results differ, m some cases more widely than would be anticipated from the 
behavior of the mdividual ammo acids that presumably form the mixture 
(see Fig 1 and Table III) The largest differences occurred with the 
plasma of patients in uiemia m which the nmhydrm-determmed nitrogen 
was withm normal levels but the photometnc nitrogen and the nitrous 
acid-determmed nitrogen were both about 4 times as great It appears 
that m such cases the photometric and nitrous acid determmations must 
mclude ammo nitrogen, possibly from ammes, that is not a-ammo nitrogen 
The high results obtamed ivith the nitrous acid method are of the same order 


of magnitude as those of Kirk (16) who found, m an mvestigation of changes 
m nephritis, the ammo nitrogen to be as high as 38 mg per cent In con 
trast, the routme nmhydnn manometric determmations earned out m this 
hospital on uremic plasmas have rarely exceeded 5 mg per cent On the 
other hand, most of the photometnc determmations in the nephrotic cas^ 
are lower than the nmhydrm determinations, although m some cases e 


photometnc values are higher , 

In one important respect our results mth Frame, Russell, and Wilhelmi s 
modification of the Folm colorimetnc method are better than those re 
ported by authois (5, 8) who tested the ongmal Folm (6) method, vtz, 
v/hereas the ongmal was found to give less than even approximate recoven^ 
of ammo acids added to blood, the present modification gives approxun^i e 
recoveries Tlie reason is probably that m the modification of Frame 
a much greatei excess of naphthoqumone reagent is used than m 
ongmal Folm piocedure, w'hereas the ongmal requires 5 mg of the ‘1^’^ 
(1 cc of 5 per cent solution) for filtrate representmg 1 cc of blood or p a ' 



F P CHINARD AND D D VAN SLIKE 


581 


in the modification of Fiame et al the same amount of reagent is used for 
filtrate lepresenting only 0 OS cc of blood oi plasma The pliotometiic 
proceduie still bears the disadvantages, lelative to the manometric, m 
that the photometric is less unifoim in its lesults mth diffeient ammo acids, 
suffers from fadmg of the color obtamed with somebf them, and can give 
results that ha\ e no relation to the ammo acids if ammes oi othei mteifei- 
mg substances are piesent 


SUMMARY 

On comparison of the pliotometiic and nmh 3 ’’drm manometric methods 
in analyses of foit 3 '-Ei\ normal and pathological human plasmas, 54 per 
cent of the photometric results shoved a deviation from the nmh 3 '^dim 
results greater than ±15 pei cent Mavimal deviations weie fiom —37 to 
+491 pel cent The gioss plus deviations of the photometric results vere 
observed m analyses of uremic plasmas vhich give similar high results b 3 " 
the nitrous acid method It appears that the high photometric results in 
these cases ma 3 ' be due to the presence of ammo nitrogen other than a-ammo 
acid nitrogen 

An attempt has been made to mcrease the accurac 3 ' of the Folm colon- 
metric procedure for the deteimmation of ammo acids m blood, the absorp- 
tion curves yielded by the diffeient ammo acids and the variable lates 
of fadmg have been studied, and diffeient naphthoqumones and leducmg 
agents ha\e been tested as leagents Hoveier, no procedure for color 
development has been found better than that of Frame, Russell, and Wi- 
hehni, as modified b 3 " Russell 
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THE POSSIBILITY OF DETECTING INDIVIDUAL PROTEINS 
IN BLOOD SERUM BY DIFFERENTIATION OF 
SOLUBILITY CURTO IN CONCENTRATED SODIUM 
SULFATE SOLUTIONS 

II COMPARISON OP SOLUBILITY CURVES WITH RESULTS OF 
ELECTROPHORESIS EXPERIMENTS* 

Bi C L H miOORt 

{From the Binnen Gasthuis, Department of Medicine, University of Amsterdam, 
and the Chemical Laboratory of the State Institute for Veterinary Research, 
Amsterdam, Holland) 

(Recei\ ed for publication, May 16, 1947) 

In eaiher woik (1, 2) the significance of differentiating solubility curves 
of the seium pioteins in concentrated sodium sulfate solutions was demon- 
strated m order to arrive at a better understanding of these curves The 
diagrams resultmg from diffeientiation showed the existence of thiee mdi- 
vidual proteins The euglobulm and the albumin were charactenzed by a 
distmct precipitation, maximal in Na!S 04 concentrations of 145 and 305 
gm of NajSOi per hter respectively The pseudoglobuhn, precipitating 
between the two mam fractions, did not show such easily definable solu- 
bihty properties 

The quantities of these three protems can be denved from the surface area 
of the peaks in the differentiation diagrams It was shovm that by a smgle 
precipitation by sodium sulfate solutions of 190 and 260 gm per hter about 
the same results can be obtamed as by the computation of the surface 
areas 

There was a stiikmg resemblance between our curves and the figures 
obtamed by electrophoresis of human sera Evidence was obtamed that 
euglobulm and y-globuhn, pseudoglobuhn and a -}- jS-globulm, and the two 
albumins are identical It seemed desirable to check our solubility ounces 
agamst electiophoietic analyses on some highly pathological human sera 

Methods 

The normal serum of subject H and the sera of subjects D with 
chionic hepatit s, W with multiple myeloma, and E with chrome nephritis 
w'ere investigated 

All blood samples were diawm m the morning while the patients were 

* Read before the Nederlandsche Algemeene Ziektekundige Vereeniging (Dutch 
Society for General Pathologj), Utrecht, September 21, 1946 

t Present address, Department of Medicine, Charitas-Hospital, Roosendaal 
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fasting As it was necessary to take rathei large amounts of blood, it was 
not possible in all instances to collect a sufficient amount without stasis 
Especially m the case of subject W , who had very bad veins, stasis was 
inevitable All protein values of this subject will therefore be a little too 
high Nevertheless, this error will not interfere vath the compansonbe 
tween differentiation diagrams and electrophoresis curves 
Methods for the delmeation of solubihty curves have been descnbed 
previously (1, 2) A simplification of the lodometric mtrogen determina- 
tion of Teorell (3) was used 


Table I 

Concentratton of Sodium Sulfate Used for Titration of Proteins 


Concentrations ol NaiSOi 


In solutions added 


tm ferl 

IM 

123 

132 

139 

149 

165 

159 

169 

185 

194 

204 

206 

216 

224 

235 

243 


In final serum salt 
rmiture 


gm fer I 
108 
117 
125 
132 
142 
147 
151 
161 
176 
184 
194 
196 
205 
213 
223 
231 


In solutions added 


gn perl 
280 
271 
282 
292 
300 
310 
318 
328 
336 
346 
357 
367 
376 
384 
400 


In final serum alt 
mixture 


gm perl 

235 

257 

268 

277 

285 

294 

302 

311 

319 

329 

339 

348 

356 

365 

380 


As filtration m the mcubatoi was much hampered 
covenng the funnels, some filtration experiments were 
funnels in an incubator in which seveial large Petn dishes, filled with water, 
were placed Loss of weight amounted to 0 17 per cent of the protein-sa 
mixture durmg the 1st 80 mmutes of filtration, and to 0 26 per cent 
the 1st 140 minutes As filtrations aie always completed witlun the 
hour, errors due to evaporation were neglected m these expernnents an 
all filtrations w ere made wuthout -watch-glasses 
Sodium sulfate solutions of pH 7 0 weie prepared according to 
tions given previously (1,2), the concentrations varying from 400 to 1 
per liter The concentrations of these solutions iveie checke 
metncally in duplicate Enough of each solution was added to 1 cc 


by the watch-glasses 
made with uncovered 
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rum to bnng the volume to 20 cc The concentrations of the solutions are 
presented m Table I ivith the Na 2 S 04 concentrations of the correspond- 
ing serum-salt mixtures The latter are used in Figs 1 to 4 

Electrophoresis experiments vere carried out in the apparatus of Tisehus 
inth a phosphate bufter of pH 7 6 and ionic strength 0 037 mth 0 15 m NaCl 
Electrophoresis diagrams were obtained by the cyhndncal lens method of 
Phdpot-Svensson (4^ 5) Seium was diluted with buffer to a protein con- 
centration of about 20 gm per liter befoie dialysis The protein concentra- 
tions were determined refractometncally Each lun was carried out for 2 
to 3 hours at 0° at 200 volts and a cuixent of 50 mdhamperes After 
separation of the components the diagram was photographed and the 
negative was enlarged several times The area under each peak was de- 

Table II 


Comparison of Protein Fractionation by Sodium Sulfate and Electrophoresis 


Serum 

Total 

pro- 

tein 

Albumin 

a + /S Globulin 
Pseudoglobuhn 

y Globulin 

Euglobulin 

Electro 

phoresis 

Diffcrcn 
ttal curve 

Electro 

phoresis 

Differen 
tial curve 

Electro 

phoresis 

Differen 
tial curve 


6 2} 
XV 

Per 

cent 

gm 

r 




gm 

r 

per 

cent 

gm 

r 

Per 

cent 

gm 

per 

Per 

cent 

gm 

r 

H , normal 


56 0 


56 6 

41 4 


14 9 

14 8 

10 8 

23 6 

17 2 

28 5 

20 8 

D , hepatitis 




26 4 

26 5 

19 3 

19 4 

17 5 

17 6 

46 8 

CTll 

56 1 

56 3 

W , myeloma 



33 1 

29 6 



19 7 

15 8 

15 5 

46 2 

45 3 

54 5 

53 5 

E , nephritis 

Normals from 

51 2 

n 


20 1 


9 




18 7 

9 6 

41 2 

21 1 

Majoor (2) 
Westermann (6) 


59 9 


54 2 

39 5 

19 2 


18 2 

13 3 

20 9 


27 7 


Olhagen (15) 


57 8 




21 5 




nn 





fined by perpendiculars to the base Ime from the lowest point of the gradient 
curve on each side of the peak and measured by means of a planimeter 
In Table II the percentages, as denved from the negative hmb, are re- 
corded As a rule y-globuhn percentages from the positive hmb are some- 
what higher than those from the negative limb used here This is probably 
due to the fact that the 5-boundary is not separated from the y-globulin m 
the positive hmb With this apparatus and the saiPe buffer, Westermann 
(6) found the follomng averages m fourteen deterrmnations of normal 
human sera, albumm 59 9 per cent of the total protein, a-globuhn 7 3 per 
cent, /3-globuhn 11 9 per cent, y-globuhn 20 9 per cent 

Observahons 

Our observations are recoided m Figs 1 to 4 The upper part of each 
consists of the solubility curve and the corresponding differentiation dia- 


















586 


PROTEINS IN BLOOD SERUM 


gram, the lower part shows the electiophoretic analysis In all the cases 
the differentiation diagram show s a distinct euglobuhn peak The albumin 
peak IS clearly visible in normal seium and m the seia of the subjects with 



•Descendii^-BcHiDdanes -Ascending- Jlesccndmg -Boimdarics-dscending- 


ic 1 Dififerentiation of the curves and the recording in broken lino graphs nerc 
made as before (1, 2) It must bo admitted that those broken line graphs are mathe 
maticallj not correct They should be replaced bj real curves As the e\aot form of 
these curves cannot be computed from the restricted number of the e\pcnmentalli 
faxed points, especiallj in the pseudoglobulin area, and since the arbitrary construe 
tion of such curves may lead to misinterpretation and to the construction of non 
existing peaks, the broken line form has been retained 

Fig 2 See the legend for Fig 1 

myeloma and hepatitis, but m the serum of subject E (chrome nephritis) 
the albumin peak is not visible 

In Figs 1 to 4 of this mvestigation and Figs 4 and 5 of the previous one 



C li H JIAJOOR 


587 


(2), the salt concentrations at the beginning, the maxunum, and the end of 
the euglobuhn and albumin peaks neie estimated as accuratelj’" as possible 
The averages of these values v eie computed and aie presented in Table III 
The salt concentration m noimal as veil as in liighlj^ pathological sera, at 
which maximal precipitation of albunun is found, is remaikably constant 
The maximal precipitation of the euglobuhn is in all pathological sera 
shifted to the left, but the difference is small 






-Descending -Boundaries - Ascendlng- 

Fig 3 See the legend for Fig 1 

In every-da 3 ’- chnical work, an appioximately correct separation of the 
serum proteins by sunple, single precipitation of Na 2 S 04 solutions would be 
very useful Fiom Table III and Figs 1 to 4 it can be shown that by the 
use of sodium sulfate concentrations of 185 and 268 gm per liter the serum 
proteins can be divided into a euglobuhn, a pseudoglobulm, and an albumin 
fraction It must be admitted that, bj’’ an undemable overlapping of the 
three fractions m the above-mentioned salt concentrations, no absolute 
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sepal ation takes place In the euglobulm fraction some pseudoglobuhn 
mil be present and mce \ ersa The same holds good for the fractions oh- 



ptcJ. A A ocf if 

DescondinjJ- Boundaries "Ascendin_g- 

Fig 4 See the legend for Fig I 


Table III 

Conccnlralion of iVa SOt in Gm Per Liter Required to Precipitate Euglobnlm and 
Albumin in Seven Solithihlp Curves 



Euglobulm 

1 

1 Albumin* 


Beginning 

Maximum 

End 

Beginning , 

Maximum 

End 

\\ erage 

Range 

“ for pathological 
sera 

Range for normal sera 

113 

100-125 

1 

148 ' 
138-162 
i 138-148 

! 

145-162 

185 

176-199 

268 

260-275 

306 

300-313 

300-313 

305-30S 

345 

330-355 


* Asm the case of the patient with nephritis, no distinct albumin peak is eiidc° , 
this curve could not be used for the calculation of the salt concentration necessirj 
for precipitation of albumin 


tamed by precipitation with sodium sulfate solutions of 268 gm per i er 
Trom the form of the differentiation diagiam, it can, however, be de uce 
that only small amounts of the different fractions will contammata e 
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neighbonng ones The amounts of euglobulm in the pseudoglobuhn 
fi action and of pseudoglobulm in the euglobulm fi actions probably mil be 
of about the same magmtude Foi this reason the fi actions obtamed, 
though not absolutely pure, mil approximate the percentages of the real 
proteins closely 

Since in the case of the patient mth chiomc nephritis an albunun peak is 
clearly nsible m the electrophoresis graph, it is assumed that the protem 
leniaimng m solution at the salt concentration of 268 gm per liter is for the 
most part albunun, notmthstanding the lack of a distinct peak in this part 
of the differentiation diagram 

To calculate the percentage of each of the three serum protein fractions 
in the four sera under investigation, the quantity of protein, precipitated by 
NajSOi solutions, contaimng 185 and 268 gm per hter, was estimated from 
the graphs In Table II these protein values are compaied mth the results 
of the electrophoresis expenments 

DISCUSSION 

In recent hterature, the opinion has sometunes been held that con- 
centrated salt solutions so senously denature the serum pioteins that most 
of the data obtained mth these methods of mvestigation are of little value 
In this connection a veiy elaboiate fiactionation of pig seium, pubhshed by 
Svensson (7), is inteiesting In spite of rathei violent lepiecipitations 
Avith ammonium sulfate solutions oxer a penod of 6 neeks, the electro- 
chemical pi operties of the proteins were not demonsti ably altei ed Though 
it cannot be denied that concentrated salt solutions can altei the structure 
of the pioteins, Svensson’s expeiiment pioves that these alterations need 
not be very radical 

Of methods mx''olvmg treatment mth concentrated salt solutions, the 
determination of solubility ounces causes the least denatuiation because in 
this method alone all of the lepiecipitations aie omitted The constant 
locations of the piecipitation maxima of albumm and euglobulm in highlj 
pathological human seia lend suppoit to th s x lexx 

Conceinmg the identity of our euglobulm mth y-globuhn, and of our 
pseudoglobuhn with a -j- /3-globuhn, some mterestmg data hax e been pub- 
lished recentlj’’ Sx'^ensson ( 8 ) showed that 33 per cent satuiation mth 
ammomum sulfate yielded a puie -y-globuhn precipitate in horse and smne 
seia The filtrates, after 40 per cent saturation in horse and smne sera, '45 
per cent in coxx serum, and 35 pei centm rabbit serum, xxere fiee from 
7 -globuhn As coxx seium contains a large amount of sexeral 7 -globulins 
(average 37 8 per cent), and rabbit serum the smallest amounts found in the 
sera mvestigated (ax’^erage 21 4 per cent) (7), the range of precipitation of 
this protem must be mder in the fiist species than m the second As a 
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iiile, ^-globulins aie precipitated by less concentrated salt solutions than 
are a-globulms, but Svensson states that both glbbulins have a very mdc 
area of precipitation nhich causes considerable overlapping of these frac- 
tions This IS closely in accoi dance mth our inabilitj’’ to demonstrate one 
01 more maxmia oi piecipitation in the solubilitj'' curves of pseudoglobulin 
The piotem piecipitatmg between 40 and 55 pei cent of saturation con- 
tamed much a-globulm, less /9-globulm, and a slight amount of y-globuhn in 
horse and snme sera '■ Svensson concludes that there is a close paiallehsm 
between mobility and solubilit}'^ His statement that, nevertheless, it is 
not a simple mattei to isolate the eleetrocheimcal components by am- 
monium sulfate fractionation is i\holl 5 '’ confimied b}" the form of our 
diffeientiation giaphs, uhich suggest considerable ovei lapping, especnlly 
in the pseudoglobuhn area 

In Pedersen’s monograph (9), too, sei eral statements can be found vluch 
lend support to Svensson’s thesis of a paiallehsm between mobility and 
solubility of the serum pioteins An interestmg aigument foi the close 
agi cement between electiophoresis curies and difterentiation diagrams is 
offered by Wuhimann and Wundeily (10) Since the work of Gutman 
et al (11), it has been known that in multiple m 5 "eloraa seium protein 
patterns aie widely vanable Fiequentb'- a very high y-peak is found, 
sometimes a laige peak with /S-mobility is encountered In oiii subject W , 
the high 1 -peak could be sepaiated after 210 minutes into tw o components, 
the most mobile of winch was probablj a Bence-Jones protein Wuhimann 
and Wundeily published electiophoiesis diagrams and solubility curves m 
phosphate solutions of the sera of some mj^eloma patients Although their 
solubility curves are not differentiated, it is clear from then figures that a 
serum with much i-gIobuhn shows heaiy precipitation with very lov sslt 
concentrations In one of the sei a with a large amount of /?-globuhn, much 
highei salt concentrat’ons were required foi precipitation If this cun’c 
had been differentiated, the figure would piobably ha%e shown a veil 
defined peak m the pseudoglobulm region 

Our compaiison of differentiation diagrams and electrophoresis curies 
sti esses the high degiee of correlation between the two methods of analj'sis 
High percentages foi 'y-globuhn are attended bj' large amounts of euglobu- 
Im, and low albumin values are found by both methods TJndoubte^J 
there is no absolute coiifonmt 3 between the results of the two metho , 
but this could hardly be expected 

1 Pedersen’s suggestion (9) of the composite nature of the /3 globulin might 
an explanation of the occurrence of T-globulm in the filtrates of precipitatm*’® wi^^ 
such concentrated salt solutions He claims that 0-globulm has a moiccidar 
of 1 9 to 2 6 X 10‘ and that its molecule is supposed to be composed of 1*P ^ ^ Tthis 
hjdratcs, 1 globulin and 3 albumin molecules It maj well be nnapned 

complex will show reiersible dissociation in a medium mwhich-niost oft e a 

and globulins have been removed bj salt precipitation 
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In electrophoresis, hpides, migrating with the proteins, add to the re- 
fraction of light in the U-tube at the nionng boundaries, juelding per- 
centages for several fractions higher than the actual concentrations of 
protem This is referable to the unequal distribution of hpides (and carbo- 
hydrates) among the electrochemical fractions As Bhx, Tisehus, and 
Si ensson (12) showed, the hpide content of normal human albumin is 3 3 
pel cent, of a-globuhn 117 per cent, of j9-globulm 18 7 per cent, and of 
y-globuhn 1 4 pei cent Thorn cl al (13) determined the mcrement of the 
refractive indev per gm of protem N in the serum of a patient ivith ne- 
phntis They obtamed a figure of 2 07 X lO'* m contrast with 1 16 X 10~‘ 
foi pure albumm solutions This indicates the strong mfluence of the 
globulins, carrymg many hpides, on hght refraction, especially in subjects 
vnth nephrosis Because with nephrosis the very high hpide contents of the 
serum are not constant, it is qmte possible that the refractive mdices of the 
a- and /3-globulms will vaiy mdelj'- m diffeient cases This would make the 
accurate determmation of the absolute values for these fi actions almost 
impossible 

Here, peihaps, the cause can be found of the important difference be- 
tween the electrophoresis diagram of subject E with its high a- and /3-globu- 
Im peaks and the differentiation diagiam without any distmct peak m the 
pseudoglobulm region Most piobably the high a- and /3-globuhn values 
are for the most part caused by high concentrations of hpides The high 
total cholesterol content of the seium of this patient (750 mg pei cent, de- 
tenmned 24 days before collectmg the blood for this investigation) and the 
distmct blurrmg of the electrophoiesis diagram bejmnd the j8-peak m the 
photographs substantiate this view Although, m the differentiation curve, 
no distinct pseudoglobulm peak can be shown, the absolute pseudoglobulm 
content of this seium is rather high (19 7 gm pei liter) The peicentage 
value (38 6 per cent) is by far the highest we have found up to the present 
time Consequently, some correlation between differentiation and electro- 
phoresis diagrams seems to exist m this exceptional mstance too Un- 
doubtedly more data are required concermng this pomt 

There is, however, a difference between the lesults of the two methods 
that may be of significance In all the cases the exigldbuhn contents are 
higher than the y-globnhn value, and the albumin contents by differentiation 
are always lower than those determined Ji om the electrophoresis diagram It is 
very improbable that this difference is caused by precipitation of large 
amounts of albumm with the euglobuhn, as Pedersen (9) has shown that, 
after precipitation with 31 to 50 per cent saturated ammomum sulfate 
solutions, the precipitates do not contain albumm (examined m the ultra- 
centrifuge), pronded that the seium is diluted ten times or more In our 
precipitation experiments the dilution was 20-fold, m the electrophoresis 
runs, 4- to 5-fold It is generall}’^ held that with higher scrum dilutions with 
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a given salt concentiation the protein contents of the filtrates are relatuel} 
highei Because in the precipitation cxpenments (with the higher dilu- 
tions) the lower albumin values are found, the difference of the dilutions 
cannot be the cause of the discrepanc}' between the results of electro- 
phoresis and differentiation 

There is fai from unanimous agreement about the normal distnbution 
of electrochemical fi actions m human serum, the results obtained by the 
\anous authors differing wadelj' wath buffer composition and piotem con 
centiation S\ensson (7) claims that false boimdancs are smallest and 
boundar}’- anomahes are depressed to negligible \alucs when mixtures of 
phosphates and NaCl, NaF, or LiCl, with a total ionic stiength of 0 20 to 
0 25 , are used as a buffer, w'hilc protein concentrations \arj^ between 1 0 
and 1 5 per cent His recent analyses for different animal species, made 
under “standard conditions,” have given decidcdlj lower albumin and 
highei 7-globuhn contents than earlier obseriations The obseriations of 
Perlmann and Kaufman (14), too, showed lowei albumin i alues in human 
plasma when buffer concentrations were laised and protein concentrations 
lowered The same holds tiue foi the values foi human seia obtained, with 
Svensson’s technique, bj Olhagen (15) The aierages of his obsenations 
are to be found in Table II IIis albumin i alues aie lower than those 
recorded earhei b} other authois Westemiann’s noiinal i alues agree 


faiil}’’ closel}" with those of Olhagen, notwithstanding somewhat higher pro- 
tem concentrations (2 pei cent, Olhagen 0 2S X 6 25 = 1 7 per cent) mda 
lowei phosphate concentiation of the buffei As the differences between 
the plus and minus side in 33 csteimann’s expeiiments and in the electro 
phoiesis inns of this imestigation aie 1 iigcr than in Olhagen’s series, this 
agreement is lathei surprising Peihaps the 8 - and e-boundanes hare 
raised our 7-globulm rallies, while these weie depressed by the less ideal 


piotein concentiation and buffei composition It is possible that this pro- 
duces almost identical lesults m normal seia, while ra pathological sera 
with large amounts of -j-globuhn the laltei factois prerail, lesultmgmtoo 
low values foi this piotom So long as the ical distribution of electro- 
phoretic components cannot be finall}'- settled, it seems i-eassurmg that 
recent unpiovements in this technique lesult m normal values whic 


appioximate those obtamed bj'^ the differentiation of solubihtj’' ciurms 
It certainlj seems justifiable to attach appiopriate value to the determi- 
nation of the thiee main proteins of seium bj"^ single precipitation wi 
sodium sulfate solutions of 185 and 2C8 gm per htei The nonnal va 
denved from these and eailiei obsei vations (1 , 2) are presented in Table 
Of some interest is the shift to the left of the maximum of piecipitation 0 
the euglobulm m pathological sera This phenomenon is m excellent 
ment mth Gronwall’s recent observations (16) He found that seru 
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albumin has an effect upon euglobuhn, increasing its solubility It is con- 
ceivable, then, that a shortage of albunun, such as occmred in all oui 
pathological seia, vail cause euglobuhn to piecipitate at lover salt 
concentrations 


Table IV 

Normal Values of Protein Fi actions by Precipitation with Sodwm Sulfate Solutions 


Protein fraction 

Sodium 

sulfate 

No of 
estimations 

Protein 

ilaxunum 

Minimum 

! A\ erage 

1 


gm per 1 


gm per 1 

gm per 1 

I sm per 1 

Euglobuhn 

185 

2 

20 8 

20 2 

20 5 

Pseudoglobuhn 

268 

9 

16 4 

10 8 


Albunun 


9 i 

47 5 

39 5 

43 4 


smuMARy 

1 Solubihty cui ves of the serum pi oteins in concentrated sodium sulfate 
solutions are presented, together with their differentiation diagrams and the 
electrophoiesis cm ves of the same samples One normal and thiee patho- 
logical sera are included in this investigation 

2 Concentrations of sodium sulfate equal to 185 and 268 gm per htei 
pioved best for the deteimmation of the euglobuhn, pseudoglobuhn, and 
albumm contents of nonnal and pathological human seia 

3 Comparison of the percentage distiibution of euglobulm, pseudo- 
globuhn, and albumm with y-, a -f /3-globuhns, and albumm of electro- 
phoresis expel iments showed a fair degree of con elation between the two 
methods of analysis 

4 The leasons, probabl}'" of a techmeal natuie, why absolute agreement 
could not be obtained between the results of the two methods aie discussed 
in detail 

The authoi is indebted to Pi of essorJ G G Borst foi general supei vision 
of this V oik, to Di H S Frenkel, Diiector of the State Institute for '\’'et- 
eirnary Research, for his Lind hospitality m this Institute, to Dr L W 
Janssen foi peifoiming the electrophoresis experiments and for valuable 
criticism, and to the techmcian, Mrs W Hallie-Mai tens, for the protein 
deteimmations necessaiy foi the analysis of solubihti’’ curves 
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SERUM PROTEIN FRACTIONATION A COMPARISON OF 
SODIUM SULFATE PRECIPITATION 
AND ELECTROPHORESIS 

By JOHN MILNE* 

{From the Department of Internal Medicine, Yale University 
School of Medicine, New Haven) 

(Received for publication. May 16, 1947) 

Techniques of fractionating senim proteins for clinical use must be 
simple and convement For many yeais Howe’s (1) method has been used 
almost umversall}’- Howevei, work coming fiom several laboratones 
suggests that the piocedure can no longer be legarded as satisfactory 
Both Butler et al (2) and Luetscher (3) have pointed out discrepancies in 
the method, and recentty Dole (4) has shorni its inaccuracy as compared to 
electrophoresis In 1945 Pillemer and Hutchmson (5) presented a tech- 
nique m which methanol precipitation was used, which compared favorably 
with electrophoietic analysis 

Majooi (6), m 1942, by determimng the solubility curves of human sera, 
concluded that the concentration of 21 5 per cent of sodium sulfate lacked 
theoretical justification and suggested mstead the concentiation of 26 8 per 
cent He fm-thei found that a concentration of 19 6 pei cent would 
separate the globulm into two fractions, which he named pseudoglobulin 
and euglobulm 

That there is a chmcal need for accurate serum protein fractionation has 
long been evident Because of the time-consummg nature of electro- 
phoretic analysis, this techmque cannot be employed for routine clinical 
use It was thought advisable to compare the techmque of Majoor with 
electrophoretic analysis before adoptmg the former as a chmcal procedure 
Accordingly, simultaneous fiactionations by both methods weie earned 
out on a vanety of sera 


Methods 

Venous blood, undei oil, was obtained in the postabsorptive state u ith a 
minimum of stasis After separation of the serum, total protein w as de- 
terimned m dupheate by the macro-Kjeldahl techmque with mei curie oxide 
as a catalyst Non-protem mtrogen wms determined bv the method of 
Bock and Benedict (7) 

The sodium sulfate solutions used for precipitation were prepared ^ ' 

* Associate, Hitchcock Clinic, Research Fellow, Department of Internal 
Yale University School of Medicine, New Hav en, 1946-47 
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follows 268 6 gm of anhydrous NaiSO^ were dissolved m distilled water, so 
that the final volume u as 1 liter at 37° For the other solution, 196 3 gm of 
anhjrdious Na2S04 veie dissolved m a similar manner ^ 

Precipitation was carried out in the mcubator at 37° for either 6 houis or 
overnight Filtration nas accomplished in the incubator, and, as a pre- 
caution against evapoiation, the funnels weie covered nitli natch-glasses 
Total mtiogeu was determined on aliquots of the filtiates, which nere then 
handled in the same manner as foi the total proteins M analj'ses nere 
earned out in duplicate and frequent blank determinations were made on 
all reagents 

The non-piotein mtiogen was subti acted from the total nitrogen before 
converting the latter to protein, watli the factor 6 25 The calculation of 
the fractions was made in the follomng manner 


Filtrate 2G 8% Na.SO* precipitation = albumin 
Total protein ramus albunun = total globulin 

Filtrate 19 6 % Na SO4 precipitation ramus albumin = pscudoglobiibn 
Total globulin ramus pseudoglobulin = cuglobulm 


The electrophoretic studies nere conducted m the Tisehus apparatus 
equipped mth the Philpot scanning device The 0 1 N veronal buffer of 
Longsworth at pH 8 6 v as used throughout Each specimen of serum was 
diluted with 2 paits of buffer, except one specimen mth extiemely high 
globulin content when the dilution w as 1 5 The diluted sera were dialjzed 
for 48 hours at 5° against 2 hteis of the buffer used for electrophoresm 
The electrophoretic studies wcic conducted at a bath temperature of 2-^ 
and a potential gradient of 5 to 6 volts pei cm Each analysis was con 
tinued until complete sepaiation of the components occurred Photo 
graphs Mere taken and the magnified projections of the diagrams ^obtained 
ivere traced and examined m the usual mannei , the descendmg boundary 
being used foi the measurement of all the peaks except )3-globuhn, for 
which the ascending boundary ivas emplojred ai-GlobuIin and arglohuhn 
were considered to be pscudoglobulins, /5- and 7-globulins constituted 
euglobuhn 

One attempt (Subject 16) to extiact pioteiii-bound lipide unth alcoho 
and ether was unsuccessful, owang to the inabilitj'- to leconstitute the serum 
after extraction In none of the subjects ivas there any demonstrabe 
hyperlipemia 


Results 

Table I shows a companson of the values foi the vanous fractions bj 
both methods The mean differences of ±0 16 gm per cent for 
±0 16 gm per cent for total globulin, ±0 15 gm per cent for pseudog 0 

1 30 cc of the above solution w hen added to 1 0 cc of serum yielded final concentr 
tions of 26 and 19 per cent respectively 
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lin, and ±0 15 gm per cent foi euglobulin are practically identical The 
agreement betneen the two methods is rather lemnrkable when one con- 
sider the lange of abnonnal seia studied 

Table II hsts a senes of normal sera nhich ha\ e been fractionated by the 
Majooi method for use in this laboratory as standard refeience values 

T\ble II 


Yormal Scrum Protein's 




Total protein 

Atburnm 

Total 

globulin 

Pseudo 

globulin 

Euglobulin 

Females 

1 

gm per cent 

6 86 

gm per cert 

1 23 

gn per cent 

2 63 

gn per cent 

1 OS 

gm Per cent 

1 55 


2 

G 79 

1 54 

2 25 

0 96 

1 39 


3 

6 78 

1 69 

2 09 

0 62 

1 47 


4 

7 72 

4 66 

3 06 

0 85 

2 21 


5 

7 01 

1 15 

2 86 

1 36 

1 50 


R 

7 21 

1 77 

2 17 

0 88 

1 59 


7 

7 22 

4 57 

2 65 

0 94 

1 71 


8 

0 37 

4 72 

1 65 

0 72 

0 93 


9* 

7 57 

4 42 

3 15 

1 17 

1 9S 

Mean 


7 08 

1 53 

2 58 

0 98 

1 63 

" deviation 

±0 39 

dbO 21 

±0 45 

±0 21 

±0 34 

Males 

10 

7 29 

4 40 

2 89 

0 85 

2 04 


11 

C 56 

4 38 

2 IS 

0 89 

1 29 


12 

7 47 

4 63 

2 84 

1 12 

1 72 


13 

7 66 

5 11 

2 55 

1 04 

1 b1 


14* 

6 90 

4 38 

2 52 

1 04 

1 48 


15* 

7 04 

4 51 

2 53 

1 02 

1 51 


16* 

7 02 

1 70 

2 26 

0 97 

1 29 


17* 

7 38 

4 92 

2 46 

1 05 

1 41 


18* 

7 15 

4 49 

2 66 

0 64 

2 02 

Mean 


7 17 

4 63 

2 55 

0 96 

1 01 

“ deviation 

dbO 31 

±0 24 

±0 22 

±0 14 

±0 27 


*Included in Table I 


SUMMARV 


The values obtamed bj’’ the separation of the proteins of human sera by a 
method ivith 19 6 per cent and 26 8 per cent sodium sulfate hai^e been com 
pared to the electrophoretic analysis of the same sera The sodium su a e 
teclimque juelds three fractions, namely albumin, pseudoglobulm, an^ 
euglobulin The pseudoglobuhn coiresponds to the sum of the ar 
rglobuhns, and the euglobulin corresponds to the sum of the P- an 


(Xi- 


7 -globuhns, as determined by electrophoresis 
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The author is grateful to Dr John P Peters for advice and encourage- 
ment and to Dr Abraham Wlute for assistance in the electiophoretic 
analyses Miss Mary O’Keefe aided considerably in performing some of 
the analyses in the noiraal series 

Addendum — ^The author has recently had the opportunity to review a paper by 
Dr C L H Majoor m ivhich sodium sulfate fractionation was compared with 
electrophoretic analysis Fair agi cement was found to e\ist between the two 
methods in a study of four sera However, certain discrepancies between his 
technique and that presented above are apparent Majoor considered that pseudo 
globulin consisted of a- and globulins and that euglobulin and y-globulin were 
identical These discrepancies are easily explained by the difference in sodium 
sulfate concentrations used for the precipitation of euglobulin, 18 5 per cent 
(Majoor) versus 19 6 per cent (Milne), and by the fact that the author used the 
veronal buffer at pH 8 6 for his electrophoretic analyses, whereas Majoor employed a 
phosphate buffer at pH 7 6 The former buffer, we believe, is more satisfactory, 
since it distinguishes too a-globulin fractions and separates 7-globulin distinctly 
from any boundarj' peak at the buffer serum junction 
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THE HYDROLYSIS OF YEAST RIBONUCLEIC ACID 
BY RIBONUCLEINASE-*- 

I THE EXTENT OF HYDROLYSIS AND THE PREPARATION OF 
RIBONUCLEINASE-RESISTANT FRACTIONS AFTER 
RIBONUCLEINASE TREATMENT 

Bt HUBERT S LORING, F H CARPENTER, and PAUL M ROLL 

(From the Department of Chemistry and the School of Medicine, 

Stanford University, California) 

(Received for publication. May 10, 194:7) 

The isolation of the nucleotides or their well characteiized salts after 
treatment of yeast nbonucleic acid with nbonuclemase' has shown that the 
action of the enzyme consists, m part, m the hberation of mononucleotides 
(1) It has also been suggested fiom the woik of Kumtz (2) and fiom the 
small yields of nucleotides isolated that in addition to the formation of the 
diffusible nucleotides a relatnely non-diffusible fi action remains, -nhich 
unhke the mononucleotides is piecipitated m acid solution in the piesence 
of uiamum ions It has not been clear, howevei , whether the non-diffusiblc 
fraction consisted of unchanged nucleic acid oi of a lesistant fraction not 
subject to furthei hydrolysis by the enz3Tne Experiments b)’’ Zittle (3) 
favored the fomei conclusion when it w'as demonstiated that either guany- 
lic or adenylic acid oi the mixtuie of nucleotides, produced bj' the action of 
alkali on j'^east nucleic acid, inhibited hydrolysis as measured by the amount 
of glacial acetic acid-insoluble material pioduced In a latei publication, 
however, Zittle has stated that the high polymei fi action obtained fiom the 
digestion mixtuie by piecipitation with alcohol was not fuithei hj’^drolyzed 
by ribonuclemase (4) 

In the present paper the question w^hether oi not j’^east ribonucleic acid 
IS completely h3'^drolyzed by ribonuclemase has been studied b}"" carrjnng 
out the hydiolysis undei conditions which allowed the dialjsis of the iibo- 
nucleotides as they w^ere pioduced Measuiement of the late of dial3"sis of 
organic phosphoius showed that after a prelmiinar3'- rapid rate, coirespond- 
mg to the dial3’^sis of the mononucleotides, a slower relatneL constant 
dialysis rate was reached w'hich was not affected 1)3’^ fuithei addition of 
enz3Tne The results show" that a ielativel3" non-diffusible fraction is left 
which IS resistant to further h3’'drol3'’sis b3'' ribonuclemase under these con- 

* Taken in part from a tbesis subnutted by F H Carpenter in partial fulfilment of 
the requirements for the degree of Doctor of Philosophj , Stanford Unnersiti , 1944 

1 Kumtz’ ribonuclease 
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ditions * This material was chaiactenzed by analyses for purine mtiogen, 
guanine nitrogen , and pliosplioi us It dilTei s m composition from the ong- 
mal nucleic acid in containing relativelj largei amounts of purine mtrogen, 
and, when obtained bj'^ ribonuclemasc ticatment of commercial yeast 
nucleic acid can be fiactionated into two pails, one insoluble in 80 per cent 
acetic acid and another insoluble in equal parts of SO per cent acetic acid 
and alcohol 


EXPERIMENTAL 

Ribonucleznasc — A sample of ci-jstalhne nbonuclemase kindly furmshed 
by Di M Kimitz was used It had been ci 3 'stalhzed three times from 
ammonium sulfate solution and four times from alcohol 

Purified Ammomum Ribomicleale — 100 gm of jeast nucleic acid (East- 
man Kodak CompanjO were dissoh ed m 200 ml of r atei by the addition 
of sufficient ammonium h} dioxide to bnng the pH of the solution to about 
5 8 The nucleic acid w as then piecipitated with 5 volumes of glacial acetic 
acid After the pi ecipitate had been washed w ith 50 per cent alcohol and al- 
cohol and ether, 50 gm of nucleic acid m ere obtained It was redissolved 
with the aid of ammoma, and the solution placed in cellophane bags and 
dialyzed against 30 hters of distilled \\ ater over a peiiod of 24 hours The ^ 
dialyzed solution was concentrated tn vacuo at 40° to a volume of 100 ml , 
and the ammonium nucleate piecipitated bj' the addition of 8 volumes of 95 
per cent alcohol The yield aftei thoiough M’ashing with alcohol and ether 
was 20 gm 

Extent of Hydrolysis by Ribonuclemasc — A preliminary experiment 
in which a solution of anunonium iiboniicleate and nbonuclemase was 
dialyzed showed that about GO pei cent of the phosphonis had dialyzed 
aftei 27 hours Addition of moie iibonucleinasc and dialysis for another 
24 hours resulted m the loss of in additional 4 pei cent of phosphorus It 
was evident, theiefoie, that the lapidly diffusing constituents were largely 
eliminated under the conditions used aftei dialysis foi less than 27 hours 

In 01 del to find more accuratelj' the per cent of nucleic acid hydrolyzed, 
a second experiment uas peifonned m which the rate of dialjsis of organic 
phosphorus per hour was deteiimned ovei the first 7 hour period as well 
as after 24 hours 25 ml of ammonium nucleate solution, contaimng 2o 
mg per ml at pH 7 7, and 6 mg of nbonuclemase weie dialyzed at lOom 
temperature against 18 hters of distilled water ovei a penod of 24 hours 
Durmg the fiist 7 houis 500 ml of dialy^satc pei houi were collected a 
houily intervals, analj’'zed for organic phosphonis, and the rate of diab^s 
calculated as pei cent of total phosphonis dudvzed per hour The rate 

= In a recent paper Carter and Greenstein (5) report that the rate of dialysis of 
nbonuleic acid is greatly increased in the presence of sodium chlonde 
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tween 7 md 2i houis was calculated from analysis of the contents of the 
dialysis bag after the 24 houi penod The rates plotted against tune are 
showm in Fig 1 It may be seen that the rate decreased rapidly after 5 
hours and reached a relatively constant value after about 10 hours The 
calculation of the per cent of hydrol 3 'sis on the assumption that the nucleo- 
tides are completely remoi ed during this time gives a value of about 50 per 
cent of the original purified sample A control dialysis experiment on a 
solution of the punfied ammomum nucleate under similar conditions in the 



Fig I Rate of dialysis of organic phosphorus liberated from ribonucleic acid by 
nbonucleinase 

absence of ribonuclemase showed that about 26 per cent of the onginal 
nucleic acid had dialyzed after 24 hours 

In order to characterize the fraction lesistant to the action of ribo- 
nucleinase, the matenal remaimng aftei dialj^sis nas anab'zed for purine 
nitrogen (6), guanine nitrogen (7), and phosphorus (8) Guanine nitrogen 
was determined on an aliquot of the acid hi’^drclj sate from the total punne 
determination after precipitation as the copper-bisulfitc complex The 
lattei n as decomposed mth hydrogen sulfide and the filtrate analj'zed color- 
imetrically mth the phenol reagent (7) The lalues obtained nerc then 
compared mth similar anatyses earned out on the original nucleic acid solu- 
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tion of ammonium nucleate and the dialyzed control The results, e'?- 
pressed as total punne nitrogen, guanine nitrogen, and adenme nitrogen to 
phosphonis ratios, aie given in Table I The values calculated for a tetra- 
nucleotidc as gnen by Ijcvene (9) aie also shown It is evident fiom the 
lesults that the lelativcl} non-dialj'zable fraction differs from the onginal 
nucleic acid in containing a largci concentration of punne nitrogen and in 
particulai of guanine nitrogen Of mtcicst is the laige discrepancy between 
the values for guanine to phosphorus and adenme to phosphorus ratios in 
eithei the original nucleic acid solution oi the dialyzed control as compared 
to those requiied bj' the teti anuclcotidc theoi-} Yiniile the ratio of punne 
nitiogcn to phosphoius is m agieement with the theoiy as found also by 
Graff and Maculla (10), the purine fiaction contained approvimately tvace 
as much guanine as adenme nitiogen 

Tahle I 

Kilrogen DislnbuUon of Rtbonudanasc Rcsistani Fraction and Purified NuckieActd 

Controls 



Punficil ' 
ribonucleic acid 

Purified 

nbomicleic acid 
after dial) SIS 

Ribonucleinase- 

rcsistant 

fraction 

‘■SlatislKal” 

tetranudeolide 

(Leieae) 

Total punne nitrogen 
Phosphorus 

! 

1 13 

1 07 

1 47 

1 13 

Guanine nitrogen 

0 70 

0 71 

1 03 

0 665 

Phosphorus 

Adenme nitrogen 

0 505 

0 43 

0 35 

0 44 

Phosphorus 


Guanine nitrogen 

Adenine nitrogen 

1 6 

2 0 

2 3 

1 


The laige amounts of guanine found ivith the phenol reagent (7) suggested 
that othei constituents of nucleic acid might also gn e a color reaction under 
the conditions used Wliile it is known that adenme does not react, no 
mfomiation was available as to whethei oi not the pyiimidine nucleotides 
would gi\ e this leaction It was logical to use the nucleotides rather than 
the coi responding nucleosides because it is known that the former rather 
than the lattei are produced by mild acid hj diolysis of nucleic acid as ear- 
ned out m the total punne detennmation Approviraatel}' 2 mg each o 
cytidylic acid and diammomum undylate (approvimatelj 5 times the ma\i- 
mum quantity of guamne used in the pioceduie of Hitcbings) failed to gne 
any coloi with the phenol reagent in the presence of sodium caibonate 
Pi epai ahon of Ribomtdcinase-Resisiani Fractions — It w as of mteres o 
prepare the iibonucleinase-iesistant fraction in solid foim to compare its gw 
eial pi opei ties with the oiiginal iibonucleic acid and to detemine w e 
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the isolated matenal was also resistant to further hydrolj sis ribonuclem- 
ase Appi oxamately 76 gm of commercial yeast nucleic acid ivere dissolved 
m 2 liters of ammoma water at pH 6 The solution was placed m a large 
cellophane bag equipped with a motor-driven stirrer and dialyzed against 
distilled water At the stait of the dialysis 76 6 mg of ribonuclemase were 
added in foiii equal portions at 6 hour intervals Dialysis was continued 
for a total of 46 houis Analysis of the solution remaining m the bag for 
total phosphorus showed that appiovimately 60 per cent of the oiigmal 
nucleic acid or its split-pioducts had dialyzed duiing this time The solu- 
tion which remained was concentiated zn vacuo at 40° to about 250 ml , fil- 
tered through Cehte, and diluted with 7 volumes of glacial acetic acid A 
white amorphous piecipitate formed which was filteied with suction The 
precipitate was washed fiee of acid by giinding lepeatedly in a mortar with 
50 per cent alcohol, 95 pei cent alcohol and ethei , and was air-dried The 
pioduct caUed Fraction A U'eighed 18 gm Upon addmg an equal volume 
of 95 pel cent alcohol to the acetic acid filtiate, another precipitate sepa- 
rated This was filtered, washed, and dned by the same pi ocedure used foi 
Fraction A, and weighed 8 gm (Fraction B) 

These fi actions resemble closely the original nucleic acid in general prop- 
erties The}’’ aie lelatively insoluble m uatei, forming suspensions that 
are acid to Congo red paper Unlike the oiiginal nucleic acid, whose par- 
ticles coalesce undei these conditions to fonn a sticky mass, the particles of 
the resistant fractions lemain relatively dispersed Fraction A contained 
7 8 per cent phosphorus and 12 9 per cent moisture when dried over phos- 
phoiTis pentoxide at 56° Fraction B contained 7 9 per cent phosphoi’us 
and 12 5 pei cent moisture when dried under the same conditions Pre- 
liminary analyses for adenine and guamne indicate that these fractions diffci 
greatly m the amounts of these two constituents present 
Effect of Ribonuclemase on Resistant Fractions — Three stock solutions 
were prepared by dissolving 0 3 gm samples of the two resistant fractions 
and the punfied ammonium nucleate in three 50 ml portions of 0 1 m ace- 
tate buffer at pH 5 0 To 4 ml of each stock solution were added 4 ml of 
an enz}nme solution contaimng 0 6 mg of ribonuclemase pei ml in acetate 
buffer at pH 4 0 Asa control, 4 ml of acetate buffer at pH 4 0 were added 
to 4 ml of each stock solution All of the solutions weie placed m a v ater 
bath at 25° for 30 mmutes Then, to each solution, u eie added 8 ml of a 
uranium acetate solution, made by dissolving 2 5 gm of uranyl acetate m 
100 ml of 2 5 per cent tnchloroacetic acid, m order to precipitate the un- 
hydrolyzed nucleic acid After standmg for 30 mmutes longer m the ii ater 
bath, the precipitates weie filtered off and filtrates were analyzed for phos- 
phorus The experiment Mas lain in duplicate The results gi\en m 
Table II show that m the case of both resistant fractions there is no signifi- 
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cant difference between the amounts of phosphorus unprecipitated in the 
enzyme cxpenmont and m the contiol, whereas m the case of the ammonium 
nucleate much moie of the phosphorus remained unprecipitated in the en- 
zyme-treated sample than m the contiol It is cMdcnt, therefore, that 
these lesistant fractions, A and B, arc not further lij drolj zed by nbonu- 
cleinasc Of mteiest is the diffeicncc m the solubilit}' of the two fractions 
in the uram 1 reagent Fi action A which w as precipitated b} about 87 per 
cent acetic acid m conti ast to Fi action B w as also less soluble m the presence 
of uranium ions and tnchloioacctic acid 

Table II 

Ejfecl of Ribonuclcinasc on RcsislanC Fractions and on Purified Nucleic Acid As 
Measured by Organic Phosphorus Formed Soluble in branyl Reagent 


Soluble P 



Total P 
concen 
traUon 


j Control j 

! Alter 
nbonu 
cltinise* 

1 

: Control* 


i 

Expen 
meat 1 

Expcri 
ment 2 

Eiptn 
ment 1 

Exp«t> 

rocnt2 



m Ur 
ml , 

ms per ml 

ms per ml 

mg ter ml 


j fer ceitl 

1 fee eeel 

Fraction A 

0 113 

0 0229 

0 0208 



19 3 

PI 

“ B 

0 12 

0 0279 

0 0293 


0 0294 

23 8 

Eu 

Purified nucleic acid 

0 112 

0 0S70 

0 0876 



1 78 5 

' 1 

74 


* Average of Experiments I and 2 


niscUbSiON 


The e\permientb piesented above show that even under conditions m 
which ribonucleotides are lemowed as thej’’ aie fonned aftei treatment of 
yeast nucleic acid wath ribonucleinase, about 50 pel cent of the ongmal 
nucleic acid remains as a relativ'cl} non-chalj zable fraction which is not 
subject to further hydrolj'sis bj the enzjmic As this matcnal would be 
remov'ed from the ongmal conimeicial nucleic acid bj the punfication pro- 
cedures emplo 3 ’'ed, it must be foiTued as a result of ribonucleinase action 
and must lepresent a portion of the nucleic acid molecule lesistant to fur- 
ther hydrolj’-sis by this enzyme undei the conditions used ItTien com- 
mercial nucleic acid was hydiolyzed, the non-dialyzable portion coiila e 
further fractionated into at least two parts, one relatively insoluble in 
per cent acetic acid and anotliei piecipitated from the filtiate fiom the « 
by an equal vmiume of alcohol As no attempt wms made to fi actiona e 

msistant fraction from purified nucleic acid bj' the same piocedure, i "o 
not determined whethei two fiactions aie also pioduccd in this case 
The analv ses of the ongmal purified nucleic acid foi puiine nitrogen, gu 
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lime nitiogen, and phosphoras show that about twice as much guamne as 
adenine is piesent in this pieparation ’V\Tiereas the phenol leagent as used 
by Hit dungs is not highly specific, guanme is the only compound known to 
be present in nucleic acid that gives a positive leaction These results 
emphasize the fact reported b}’’ ssveial Avoikers previously, including Levene 
(11-14), that all picparations of yeast nucleic acid purified by precipitation 
uith acetic acid do not confoim to the "statistical”’ tetranucleotide theoiy 
^s proposed originallj'’ bj'’ Levene and as geneially accepted bj' most 
woikei’s The leason foi the differences is not clear It is piobably re- 
lated to actual difteiences in iibonucleic acid samples as well as to differences 
in methods of lydi ol3fsis and m analytical procedmes employed Dif- 
feiences m the rate of hj’’drotysis of diffeient yeast nucleic acid samples b}'’ 
alkali have iccently been reported by Zittle (4) 

The anal3’^ses of the enz3Tne-iesistant fraction foi purine mtrogen, gua- 
nine nitiogen, and phosphorus show a concentiation of guamne in this frac- 
tion and suggest that ribonuclemase action is concerned to a greater extent 
with the hbeiation of pyiimidine than of punne nucleotides 

sumiARY 

Under conditions in which the liberated nucleotides aie lemov ed b3 diab^- 
bis, punfied 3"east ribonucleic acid is comwted to a relatn^ely non-chalyzahlc 
fi action w Inch is lesistant to fui thei action b3’’ ribonuclemase The resist- 
ant fraction obtained from commeicial nucleic acid could be fractionated 
into two parts, one precipitated from 85 per cent acetic acid and the othei 
piecipitated fiom the filtiate of the first b3’’ an equal volume of alcohol 
iinalyses of the oiigmal puufied nucleic acid for puime nitrogen, guanine 
nitrogen, and phosphorus show about twice as much guanme as adenine, 
instead of the equimolar ratio required b3'^ the “statistical” tetranucleotide 
theoiy The total punne mtrogen to phosphorus ratio was m agreement 
with the theoiy After tieatment wuth ribonuclemase the resistant fraction 
showed an increase in the amount of guanine nitrogen present 
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W EXCRETION AND DISTRIBUTION IN TISSUES STUDIED 
WITH A RADIOACTIVE ISOTOPE* 

Bt R H DcMEIOt and P C HENRIQUES, Jr J 

(From Ihe Department of Industrial Hygiene, Harvard School of Public Health, 
and Department of Legal Medicine, Harvard Medical School, Boston) 

(Received for publication, May 1, 1947) 

The discovery of some of the effects of tellurium compounds began with 
the work of Gmelm (1) 123 years ago The attention of other workers was 
attracted by the pecuhar and unpleasant garhc-hke odor that the mtake of 
tellunum and its compounds imparted to the breath Hansen (2) in 1853 
and later Reisert (3), Czapek and Weil (4), Hofmeister (5), and Beyer (6) 
dealt vuth different aspects of the same problem 

Interest concermng these compounds has aiisen from time to time, with 
the apphcation as a therapeutic agent to stop the mght sweating of tubercu- 
losis patients (Neusser (7), Combemale (8), and others), m the treatment 
and cure of sjTphihs (Fourmer and Levaditi (9)), and more recently with 
then increased mdustnal use 

Most of the work done m the past, concermng distnbution and excretion 
of tellunum, dealt with the admimstration of rather large amounts, no 
method bemg available for the detection and quantitative deteinunation of 
tellunum m nunute quantities By making use of radioactive tellunum, 
we have been able to study the fate of this element after adimnistration of 
much smaller doses (0 1 to 0 5 mg pei kdo of body weight) and to determine 
the main sites where it is stored and gradually excreted 

Methods and Techniques 

Preparation and Separation of Radioactive Tellurium — The radiotellunum 
used in these mvestigations v as produced at the Massachusetts Institute of 
Technology cyclotron by the deuteion bombardment of antimony Two 
radiotellunums are apparently formed One of these is knovm to be 
EsTe^^^ According to the recent data of Edwards and Pool (10), it has a 
half life of 143 days, rather than the 125 days pre^uously reported by Sea- 
borg and coworkers (11) Te*-* results from the nuclear reaction, 

Sb(d, 2?i)Te The othei radiotellunum, apparently also esTc'-’ (nuclear 

* With the techmcal assistance of Katherine Ljmch 

t Present address. Department of Experimental Medicine, Jefferson Medical College, 
Philadelphia, Pennsylvania 

t Present address, TracerHb, Inc , 55 Oliver St , Boston, Massachusetts 
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isomer), is of 17 days half life (10) instead of the 30 day tsTe’- or i-Te^* 
repoited by Kent and Cork (12) 

Follovmig the cyclotion bombardment, the radiotellunum was isolated in 
the followmg manner Concentrated hydrochlonc acid, about 3 ml per 
gm , and solid potassium chlorate in portions of about 0 5 gm , were added 
to the bombarded antimony powdei until complete solution was achieved 
2 gm of tartaric acid per gm of antimony and 20 mg of carrier tellurium 
in the form of a sodium tellunte solution veie added, and the solution was 
diluted to attain an approvimately 3 N acid concentration The tellunum 
was piecipitated bj’’ adding 10 ml of 15 pei cent h3’’diazmc dihj’’drochlonde 
to eveiy 100 ml of solution and then bubbling sulfiii dioxide through the 
boiling solution for 20 minutes The tellunum precipitate nas sepaiated 
by filtiation tlirough a Selas poicclam ciucible, dissolved in warm 1 1 
mtnc acid, and evaporated to dr3'ness The residue vas taken up in 100 
ml of approximately 3 n hydrochlonc acid and, to a\ oid any possibility of 
contamination wnth radioactive antimon3'-, 0 S gm of antimony tnchlonde 
ivas added The tellurium was now precipitated once again by the pro- 
ceduie desciibed above The precipitate w as ivashed fiist mth 3 N h3'dro- 
chlonc acid, then with hot distilled ivatei until chloride-free, and finally 
with alcohol, and then dried at 105° and weighed 

The elementary tellurium was dissolved in waim 1 1 mtnc acid, the 
solution evaporated to dryness, and just enough sodium hy’^droxide solution 
added to the lesidue to bung it into solution Then it was diluted with 
^ istilled w'ater to the lequired i olume This w'as the sodium tellunte 
solution used throughout the ammal experimentation Tw'O such prepara- 
tions w'ere made In one mstance 21 mg of tellunum carrier w ere added to 
the bombarded antimony, and approximately 100 microcunes of radio- 
telluiium weie obtained The other preparation contained about 1 nulh- 
curie m 18 6 mg of elementary tellunum 


Detcclion of Radwlclhinum — ssTe'” (<) = 143 days) is converted by means 
of an isomeric transition into esTe*^* (ti = 17 day's) with the emission of a 
0 22 m e V -y-ray (10) The 17 day tellunum decays into 6iSb“^ (stable) 
appaiently by K captuie plus emission of a 0 61 m e a' 7-ray (10) The 
indications aie, how'ei'er, that there is also a significant amount of electron 
emission, due to the high probability' of intemal conversion of the y-rays 


w'hicli arc emitted by both radiotellui lums How evei , m spite of this com- 
plex decay scheme, it was still possible to obtam radioactive analyses to 
within 5 pel cent thiough the detection of these converted electrons by 
following a pi oceduie similai to that developed by' Hennques and cow orkers 


(13) foi the detection of S*® 

The radioactive deteiminations were made on elementary tellun 
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Eadiotolluiniin present m the +6 state of oxidation m dilute hydrochloric 
acid ^^as qimntit itnely leduced to the element, following the addition of 
sufficient non-iadioactne (ciiiiei) telluiiumto pioduce4nig.of piecipitate 

The Caiius method was used to oxidize the radiotelhnmm to telluiate 
Witli the tissue samples, this pi occduic is standaid (14) In the case of the 
respiiatoiv samples the Caiius method had to be modified in oidei (1) to 
insuie no loss of the \ olatile telluiium compounds dunng handling, and (2) 
to remove, owing to the possibility of an explosion dunng the high temp- 
eratuie oxidation, the laige quantity of caibon dioxide condensed m the 
tube bj'^ the liquid an during the collection of the breath sample This w’as 
accomplished as follow's The Canus tube was disconnected from the 
respiratoi}' appaiatus, and aftei the addition of 1 ml of fuming mtiic acid, 
it was sealed off Dunng these manipulations the tube w’as kept con- 
tinuously in a Dewai flask containing liquid air The Dew^ai flask w as now 
removed and the tube remamed at room temperature foi at least 1 hour to 
allow' the mtnc acid to oxidize the tellurium compounds The tube w'as 
reimmersed m liquid air, opened, and the coolmg agent removed to allow 
the caibon dioxide to escape It was then resealed and submitted to the 
standard Canus oxidation 

After oxidation by the Canus method, the solution was washed mto a 
30 ml beaker and evaporated to diyness on a hot-plate following the addi- 
tion of 2 ml of tellurite earner (2 mg of tellunuin per ml ) The residue 
was then dissolved, washed into a 250 ml Phillips comcal flask, and made 
up to a volume of about 50 ml with 3 N hydrochlonc acid 

2 N permanganate was added dropwise until the solution had a slight 
purple tmge Then it w'as heated until it became colorless once moie 
Now the reducing agents, 3 ml of a 15 per cent solution of hydrazine dihy- 
drochlonde followed by 5 ml of a 10 per cent stannous chlonde solution, 
were added The mixture was boiled ngourously until clearing of the 
supernatant sigmfied that the precipitation was complete 

The solution was filtered hot and w'ashed alternately with hot w ater and 
absolute ethyl alcohol The elementarj' tellunum was collected on a 
2 15 sq cm area of hlunkteU No OK filter paper, mounted on a brass disk, 
and the radioactivity measuied mside a Lauritsen electroscope The 
detads of these steps are essentially identical to those used for benzidine 
sulfate m the work (13) 

The purpose of addmg the earner tellunum as tellunte and the subsequent 
oxidation by permanganate to teUurate was to msure that the oxidation 
states of both the mert and radioactive tellunum were identical prior to 
reduction The specific quantities of earner tellunum and the two re- 
duemg agents w'hich were used, together with the vigorous boihng m the 
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Piiilhps conical flask, were quite critical m obtaining a precipitate whose 
paiticle size was sufflcientlj uniform and coarse to result m both the 
quantitatn e collection and the uniform distnbution on the filter paper 

The accuiac}' of this analytical procedure was eialuated b}’ mahng 
determinations on knowTi volumetnc aliquots of radioteliunum in a manner 
similar to that proviousl} described (13) The^e data showed that radio- 
assays to 5 per cent could be made on all samples w Inch contained an ac- 
tivity somewhat greater than 5 tunes the electroscope background (about 
6 divnsions per hour) An accurac3’- of approvimatel}'’ 15 per cent was 
obtamed with samples w hose actinties were of the order of the background 

The sensitiMt3’- of the method depends pnmanl3’' upon three factors 
the millicune strength of the radioteliunum, ihe amount of carrier tellunum 
used to isolate the actmt3'’, and the detection mstniment The radioactive 
preparation which contamed about 1 nulhcune of acti\it3' in 18 6 mg of 
tellurium metal made possible the determmation (to witbn 15 per cent) 
of 0 001 and 0 005 y, respecti'vel3 , at the begmnmg and termination of the 
investigations to be descnbed With the preparation which contained 
about 100 microcunes m 21 mg of tellunum, this sensitmt3" was about 10 
times lower The substitution of a thm window fi-ray counter (13) and 
the requisite auxfliary electronic counting appai atus would hai e mcreased 
this sensitnity approYimatel3'- 2 5 times 

Sampling Techniques — ^We have used rabbits under hght urethan anes 
thesia for the stud3’' of respiratoiy’’ excretion of tellunum, probably as 
Te(CH3)2 ^ A mask, similar to the one used for metabolism determination 
m dogs, but of a proportionall3' smaller size and with two Krogh vahes, 
one semng as inlet and the other as outlet, w as used 

The expired air went through a Carius tube, immersed m hqiud air, 
which completely trapped the odorous xmlatile compound, and the de- 
termination of tellunum w^as earned out accordmg to the technique de- 
senbed before 

Samples of tissues and organs were obtamed iimnediatel3'’ after killing 
the animal wuth a blow' on the head (rabbits and rats) or by injection o 
nembutal (dogs) The organs and tissues w ere freed from adhering bloo 
and blood clots, but no attempt was made to perfuse them to ehnunate t e 
blood present w ithm the tissue 

Blood w'as obtained by heart puncture in rabbits and rats, and by i eni 
pimcture m dogs Clottmg was prevented b3’’ the addition of 
In the rabbit experiments, bile and urine w ere taken from the b a 
To study excretion, female dogs were kept in metabohsm cages an 

1 There ib no direct proof that this is the volatile compound present m expired 
(Schultz and Lewis (15) and Challenger (16)) 
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catlieterized for mine at the end of each period, the mine being added to 
that collected from the cage 

Exociion of Tcllxvnum in Expired An in Rabbits — It was necessary to 
put the rabbits under light urethan anesthesia in order to be able to collect 
the volatile compound foi peiiods of 6 to 8 hours The anesthesia was pro- 
duced by mtiaperitoneal injection of 4 ml per kilo of a 25 pei cent urethan 
solution, repeated if necessarj'^ Urethan did not interfeie vith the 
formation of the volatile compound The teUuiite solution, containing 
radiotellunum, was injected into the margmal vein of the eai The 
gaihc breath appeared 2 or 3 minutes after injection of the teilunte A 
small dose of sodium teilunte, as little as 50 7 of tellurium per kilo and 
probably less, was sufficient to produce the garlic breath 

In spite of being able to produce a strong gaihc breath wnth 100 and 300 7 
per kilo, w e could not detect the tellurium present m the expired an after 
a 2 horn collection period This gives an idea of the strength of the odor, 
since wnth oui method of detenmnation w'e w'ere able to detect as small an 
amount as 0 01 7 of tellurium We had to increase the amount injected to 
500 7 per kilo of body weight in oider to be able to detect the teUunum in 
expired air This has been the dose used in all our experiments on rabbits 
In foui of the expenments, 20 mg per kdo of body w'eight of a fieslily pre- 
pared solution of ascorbic acid (Merck, U S P) m distilled w'atei were 
injected mtrapentoneally 20 to 30 minutes before the teilunte mjection 

The results obtained undei these conditions are shonm in Table I The 
garhc bieath had disappeared 24 hours after the injection of teilunte If 
we considei the rate of excietion to be constant dunng these 24 hours, and 
assume a maximum excietion of 0 08 r over a penod of 3 hours (Rabbit 12), 
the total amount excreted through the lungs would have been 0 64 7 This 
represents less than one-thousandth of 1100 7, which w^as the total amount 
injected into this rabbit This shows that the respiratoij’’ tract is not an 
important channel of excretion under the conditions of our experiments 

Though no defimte conclusion can be drawn concermng the effect of 
ascorbic acid, observations made in woikers wnth garhc breath- show a 
definite decrease 01 even disappeaiance of it upon ascorbic acid administra- 
tion 

One of the few earlier attempts to detect the presence of tellurium m 
expired an after administration of tellurium compounds was made bj 
Hofmeister (5) and is of a quahtatix e type The piesence of selemum in 
expired an aftei admimstration of selemum compounds has been studied 
by Schultz and Lewis (15), who administered ordmary sodium selemte, and 
by McConnell (17), w^ho admimstered radioactive selenate to white rats 


’ DeMeio, R H , to be published 



TELLURIUM IV 


()1 J 

The impoitaut fact is that m our case, m vhich thcT rabbit and intravenous 
injection vere employed, the total amount excicted through the respuatorj 
tract IS less than 0 1 pex cent of the total injected, whereas Schultz and 
Levns (15), using the subcutaneous loute in white lats, found an excretion 
of selemum of fiom 17 to 52 per cent in 8 hours, and iMcCormell (17) found 
3 to 10 per cent m 24 houi-s This diffcicnce may be related to the greatei 
speed of elimination in the rat than m the rabbit, as can be seen from our 

T\ni,i I 


Tellurium in Expired -lir uflcr Intrniciioiis Admini',lriilioti of Aa-Tc^Oi to Rahbili 
Dose, 500 7 of Tc per kilo of lioch weight under liglit urothan nnesthesm 


Rabbit i \0 

\\ eight 

Collection period 

Tc m ctpircd 
air 

1 

Obscn*ations 






5 

2 19 

2 hrs , 30 min 

0 015 


6 

1 9 

2 “ 30 “ 

0 039 


7 

2 3 

1st 3 hrs 

0 03G 




2nd.3 “ 

0 04 




3rcl IJ hrs 

0 014 


S 

1 SO 

1st 3 hrs 

0 010 




2nd 3 “ 

Lost 




3rd li hrs 

0 008 


12 

2 2 

1st 3 hrs 

0 075 




2nd 3 “ 

0 016 


14 

1 84 

1st 3 “ 

0 011 




2nd 3 “ 

0 012 


9 

1 87 

1st 3 “ 

0 012 

20 nig per kilo flscorbic 



2nd 3 “ 

0 013 

and intraporitoncilb 

10 

2 0 

1st 3 “ 

0 OCG 

tl 



2nd 2 “ 

0 015 


11 

2 19 

1st 3 “ 

0 017 

C« tl 



2nd 3 “ 

0 012 


n 

2 0 

1st 3 “ 

0 0G4 

1 



2nd 3 “ 

0 003 



results on tellurium distnbution, and to a gieatei rate of ehnimation for 
selemum 

Dislnbulion in Rahhil Tissues and Body Fluids — Six of the rabbits used 
for the stud}-- of tellurium in expired an weie killed by a blow' on the hea 
and samples of vaiious tissues, blood by heait punctuic, and bile and urine 
from the bladder, were obtained foi analysis Samples of skeletal muse e 
and bone were obtained fiom the lund legs Telluiium determinations 
were carried out by the method aheady described 

Table II show's the lesults obtained and the distnbution pattern 
most conspieuous and outstanding fact is the great concentration 
tellunum in the kidnex's, which amounts to 3 to 10 times the concen 
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Table II 

Ditti ibulton of Tc in Rabbit Tissues and Body Fluids after Intravenous Admmish aiion 

of Na^Tc*Oi 

Dose, 500 7 of Te per kilo of body weight under light urethan anesthesia, 20 
mg per kilo of ascorbic acid intraperitoneallv to Rabbits 10, 11, 9, and 13, 20 to 30 
minutes before tellurite injection 

The results are expressed as micrograms of Te per 100 gm or ml , the figures in 
parentheses represent the total Te in micrograms 


Rabbit No 

10 

u 

9 

13 

12 

14 

1 

U eight, kz 

2 

2 19 

1 87 

2 

2 2 

1 84 

Total Tc given, y 

1000 

109i 

935 

1000 

1100 

920 

Killed after hrs 

5}t 

; 10?J 

23} 

24 

24} 1 

22 

Bone 

31 2 

137 


111 

39 7 

106 

“ and marron 

83 7 






“ marron 

90 3 

69 


55 

76 4 


Encephalic matter 

13 8 

5 7 

6 3 

7 1 

5 9 

9 0 


(1 41)' 

(0 52) 


(0 61) 

(0 62) 

(0 83) 

Heart 



188 5 

211 

192 

24 




(6 9) 

(9 3) 

(9 6) 

(0 89) 

Intestine, small 



39 2 

42 8 

37 3 

29 4 






(11 9) 


“ large 



84 9 

57 0 

68 4 

37 6 






(31 9) 


Kidnej 

685 9 



876 

575 

1400 


(107 3) 


(75 3) 

(115) 

(120) 

(154) 

Liver 

111 7 



71 

83 

89 


(81) 


(73 9) 

(53 3) 

(59) 

(59 5) 

Lungs 

196 1 


171 

160 

176 

134 


(21 8) 



(12 6) 

(18) 

(8 7) 

Muscle 

13 6 

1 06 


8 3 

9 6 

8 6 

Spleen 



171 

174 

289 

118 




(2 3) j 

(2 51) 

(4 38) 

(2 1) 

Stomach 



32 4 

41 

71 

49 




(9 8) 

(8 46) 

(18) 

(8 1) 

Teeth 


9 8 


22 7 


22 3 

Testes 


i 


21 1 

63 






(0 17) 

(0 49) 


Bile 



161 2 

224 

36 

162 

Blood 



22 5 

22 9 

34 3 

19 5 

Urine 


j 


174 

310 



tDied 

t Found dead 


tion in the next richest organ Similar results, as far as the kidneys are 
concerned, n ere obtained by Levaditi and hlamn (18) b}’^ in]ectuig or 
feeding elementary tellurium and sodium tellunte to rabbits 
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Some radioautograplis, obtained from rat kidneys, show an uneven 
distiibution of tellunum, vuth a largei concentration m the cortex ’ 

The high concentration in the kidneys is undoubtedly due in part to the 
fact that tellurium is being concentrated for excretion by this organ, 
particulailj’’ in our case m winch it was given in a water-soluble form, 
sodium telluiite 

In most instances heait, lung, and spleen show approximately the same 
concentration of tellurium, which is about 1 5 to 2 times as great as that in 
the hvei In order of decreasing concentrations, and lower than the 
liver, we have bone, bone marrow, large intestine, stomach, small intestme, 
testes, teeth, skeletal muscle, and encephahe matter 

It IS inteiestmg to note the tiemendous difference between skeletal 
muscle and heart muscle, the latter having a concentration of tellunum 20 
times laiger than the fonner Beyei’s (6) observation, that stimulated 
skeletal muscle reduces tellmium compounds more rapidly than the muscle 
at lest, may explain to a certain extent this difference, since the heart 
muscle IS m activity, while the skeletal muscle is at rest 
The lowest concentration of tellunum is found m encephahe matter 
Is this pattern of distribution due to differences in permeabihty to the 
tellurite ion, oi to the uneven distribution of the mechanisms that act m 
1 educing the teUuiite to tellurium and depositing it in tissues, or to both? 
This question remains to be answered 
In most cases, the tellurium concentration in unne and bile is roughly 
10 times as great as the blood concentration, shoinng that these are tvro 
important channels of excretion, unne being, of course, the more important 
because of the laiger volume excieted As a consequence, the tellurium 
that has been found in feces after parenteral administration (Mead and Gies 
(19) and Levaditi and Manin (18)) has at least partially been excreted with 
the bile 

The administration of ascorbic acid 20 to 30 minutes before the tellurite 
injection does not seem to modify the distribution pattern 

Our findings concerning encephahe matter do not agree with Jahnel, 
Page, and Muller’s (20) lesults They have found 1 mg of tellurium 
in 2 3 gm of biain cortex after intramuscular injection of an oil suspension 
of elementaiy tellunum The difference may be due to a different dosage 
and length of treatment, which they do not state, and the form m whic 
the tellunum was given 

Similar results concerning distribution in the body w'ere obtaine y 
Rosenfeld and Beath (21) feeding selemum to sheep (see also Moxon an 
Bhian (22)) 

3 DcMeio, It H , and Tetter, W W , to be published 
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Dtslnhuhon xn Rat Tissues and Body Fluids — Rats were miected mtra- 
pentoncally ivith different doses of tellunum as sodium telluiite, eontammg 
the radioactiA'e isotope, and no anesthesia was used Blood, by heart 
punctiue, and samples of oigans iiere obtained after the ammal was killed 
with a blow on the head Skeletal muscle and bone were obtained from the 
hind legs Table III show's the lesults obtained, and the distnbution 
pattern is about the same as that observed m rabbits The important 

Table III 

Distribution of Te in Rat Tissues and Body Fluids after Inirapcntoneal Administration 

of NaJ'c*Oz 


The results are expressed as micrograms of Te per 100 gm or ml , the figures jn 
parentheses represent the total Te in micrograms 



Rat 1 

Rat 2 

Rats 

Rat 4 

Weight, gm 

300 

23S 

198 

220 

Te per kflo, 7 

1400 

280 

300 

300 

Total Te given, 7 

420 

66 

60 

66 

Killed after, /trs 

i 

i 

i 

Ui 

Adipose tissue 



26 5 

0 

Bone 

1 

32 5 

28 6 1 

1 04 

Encephalic matter 

21 (0 29), 

3 25 (0 04) 

11 (1 72) j 

0 

Heart 

202 (2 25)| 

24 7 (0 19) 

55 (0 34) j 

2 16 (0 014) 

Intestine, small 



26 6 

4 8 

“ large 


47 8 



Badney 

1340 (33 2) 

143 5 (2 72) 

270 (3 84) 

16 5 (0 22) 

Liver 

236 (24 7) 

44 6 (4 18) 

62 3 (4 24) 

3 8 (0 22) 

Lungs 

248 (2 88) 

38 4 (0 43) 

59 2 (0 52) 

1 03 (0 01) 

Muscle 

36 

9 

9 1 

1 47 (0 02) 

Skin 



19 1 

0 

Spleen 

' 281 (2 98) 

36 6 (0 45) 

' 60 (0 47) 

2 86 (0 02) 

Stomach 


29 1 (0 32) 

46 1 (0 38) 

9 04 (0 09) 

Testes 



1 

1 0 39 (0 005) 

Tongue 



' 264 (0 87) 

0 

Blood 

428 

36 4 

15 



difference is that the tissue concentration seems to drop considerably after 
24 hours, which is not the case m rabbits In Rat 3, in whirb the tongue 
was analyzed i hour after injection, a surpnsingly high concentration of 
tellunum was found As the tongue was not w'ashed to free it from con- 
taminating sahva, some of the tellunum present may have come from it 
That tellunum is probably excreted in the sain a is mdicated m mani' 
individuals by the presence of a metalhc taste after admimstration of 
sodium tellunte 
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Excretion in Dogs — ^Because of the ease of cathetenzation, female dogs 
were chosen They received, either by intravenous injection or by oral 
admimstration, a solution of sodium teUunte contaimng radioactive 


Tabli tv 


Renal Excretion and Blood Concentration of TcUnrium after Intravenous Administrn 
tion of 100 y of Tc Per Kilo of Body Weight, NaiTe*Oi, to Female Dogs 


Dog 

No 

Weight 



Unnao Tc 

Tc 

ctcfctcd 
per hr 

Total Te 
excreted 

Whole 

blood 

Te 

Plasma 

Tc 

Red 

blood 

cell 

Tet 

Hcma 

toent 


ks 

hrs 

ml 

y Ptr cent 

r 

7 

r 

percent 

T 

per cent 

y 

per cent 

tet an! 

0 

5 4 

0- 1 

25 

302 

75 5 

75 5 

20 6 






1- 4 

30 

28 

2 8 

8 4 

12 






4- 7 

22 

22 8 

1 7 

5 

8 2 






7- 24 

238 

4 

0 56 

9 5 

5 




1 

5 5 

0- 1 

28 

210 

58 8 

58 S 

9 5 

4 7 

16 8 

39 6 



1- 4 

33 

14 8 

I 6 

4 9 

7 3 






4- 7 

40 

7 8 

1 03 

3 1 






1 

7- 24 

385 

2 5 

0 57 

9 6 

4 4 






24- 48 

530 

0 86 

0 19 

4 C 







48- 72 

530 

0 85 

0 19 

4 5 







72- 9G 

320 

0 58 

0 08 

1 9 







96-120 

505 

0 23 

0 05 

1 2 




' 

2 

3 2 

0- 1 

5 

818 

41 

41 

6 8 

7 1 

6 4 

44 



1- 4 

8 

64 2 

1 7 

5 1 

4 4 






4- 7 

14 

22 3 

1 03 

3 1 

5 6 



46 4 



7- 24 

164 

4 03 

0 39 

6 6 

2 2 

3 4 

0 84 



24- 48 

96 

3 36 

0 13 

3 23 







48- 72 

100 

1 02 

0 04 

1 02 







72- 96 

74 

1 58 

0 05 

1 17 







96-120 

95 

0 008 

0 03 

0 78 




4S 5 

3 

8 8 

0- 1 

10 

1440 

144 

144 

6 7 

9 9 

3 4 



1- 4 

26 

79 3 

6 9 

20 6 

5 5 





i 

4- 7 

22 

35 3 

2 9 

7 8 

5 7 






7- 24 

310 

4 5 

0 82 

13 9 

3 02 






24- 48 

455 

1 8 

0 34 

8 2 







48- 72 

305 

2 02 

0 26 

6 2 







72- 96 

255 

1 47 

0 16 

3 75 







96-144 

490 

0 22 

0 023 

1 OS 







t Calculated 


tellurium at a level correspondmg to 100 y of tellunum per kilo of bo y 
weight Garhc breath appeared m 1^ to 2 mmutes after 
administration and 20 mmutes after oral administration, and was 
present after 72 hours, but absent after 100 hours 
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The unne was collected for the penods indicated m Tables IV and V, and 
blood samples (clotting being prevented with hepann) were obtained by 
vempuucture at the end of the penod The dogs were kept m metabohsm 
cages, and the urine collected nas added to that obtained by cathetenzation 
at the end of each penod 

Tellunmn was determined in whole blood and plasma, and the red cell 
concentration calculated from the hematocrit values Hematocnt values 
weie obtamed bj" the method descnbed by Wintrobe (23) 

The results obtained are presented m Tables IV and V Kenal excretion 
follows an entuely different pattern when tellunum is admimstered intra- 
venously than when it is given by stomach tube (see Fig 1) 

Table V 


Renal Excretion and Blood Concentration of Tellurium after Oral idmimairation of 
100 y of Te Per Kilo of Body Weight, j4s Na Te*Oi, to a Female Dog 
Dog 4, 8 6 kilos 


Collection 
penod 1 

Volume of 
utme ' 

Urmiry Te 1 

Te excreted 
pet hr ' 

Total Te 
excreted 

Whole 
blood Te 

Plasma Te 

Ked blood 
cell Tel ' 

Hcma 

tcctvt 

hfz \ 

ml \ 

7 ftr ccnf 

7 

y 

7 per cent 

7 per cent 

7 per cent 

per cent 

0- 1 

18 


mm 

0 09 

0 59 

0 54 

0 65 

44 

1- 4 

28 



1 55 

2 32 




4- 7 

24 


0 65 

1 94 

1 63 

2 53 

0 51 

44 7 

7- 24 

168 

12 5 

1 24 


0 84 




24- 48 

215 

I 0 75 

0 07 

1 1 6 





48- 72 

230 

' 0 27 

0 03 

0 62 





72- 96 

200 

0 36 

0 03 

0 71 





96-144 

445 

0 15 

0 014 

0 67 






t Calculated 


Let US first examme the results of mtravenous admimstration (Table IV) 
The bulk is excreted ivithm the 1st hour after mjection, excretion slowing 
dowm and bemg particularly low after the first 24 bouro (see Fig 1) From 
10 7 to 16 4 per cent of the amount injected (Table VI) is excreted m the 
1st hour, reaching a value of 23 4 per cent after 144 hours (Dog 3) A 
maximum of about 20 per cent of the tellurium injected is excreted through 
the kidncj'^s m a 5 or 6 day penod 

As the mtestmal excretion of tellunum is lower than the renal excretion,* 
and even if considered equal, over 60 per cent mil still be left to be ac- 
counted for From our experiments on rabbits we know that the amount 
eliminated through the respiratory tract is neghgible and will probably not 
amount to moie than 1 per cent This means that more than 60 per cent 
of the injected teUunum remams in the body after 5 or 6 daj's It is easy 

* Hamilton, J G , personal communication 
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Fig 1 Renal c\crction of tellurium after administration of 100 7 of tellurium per 
kilo of bodj Height (as radioactive sodium tellurite) to female dogs The solid line 
represents mtra\ cnous administration, the dash line, or d administration 

Tablc VI 


Percentage of Tcllunum Excreted after Tntravenoiib and Oral Adimmsfration of 100 
y of Te Per Kilo of Body U eight, Is Ka Tc*0„ to Female Dogs 


Dog No 

Collection period 

Total To g» on 

Total Te cicreled 

Ter cent eimW 


hs 

y 

y 


0 

1 ! 

540 

75 5 

14 0 


24 


98 4 

18 2 

1 

1 

550 

58 8 

10 7 


! 24 


70 4 

13 9 


48 


81 0 

14 7 


72 


85 5 

15 5 


90 


87 4 ^ 

15 9 


120 


88 0 , 

10 1 

2 

1 

320 ' 

41 0 

12 S 


24 

! 

55 8 

17 5 


48 


59 0 

18 5 


72 


00 0 

18 7 


96 


61 2 

19 I 


120 


62 0 

' 19 3 

3 

1 i 

880 

144 

‘ 16 i 


24 i 


180 3 

21 2 


48 


194 5 

22 1 


72 


200 7 

22 8 


90 


204 5 

23 3 

i 

144 


205 0 

23 4 

4 (Oral admin- ^ 

1 1 

860 

0 09 

0 Rfi 

istration) ■ 

24 


24 58 


i 

48 


26 18 ' 

3 12 


72 


26 8 

Q *> 


96 

144 


27 51 

28 IS 

0 ** 

3 28 
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to reihze that the complete elimination of the tellurium left m the body will 
take several months, if we consider the very low rate of lenal excretion 
established aftei 72 houis That tellurium was still present m tissues a 
long time after injection is sliowm by our results We analyzed the kidneys, 
the organ vatli the lughest concentration, and found 42 5 7 of tellurium per 
100 gm and a total of 21 8 7 in Dog 3 after 11 days of administration, 
though garlic breath had disappeaied 6 days before 
If we compare urine and blood, using the data of the 1st hour, ve see 
that unne has a concentration of tellurium 15 to 215 times as great as 
blood 

Evidently the leadily water-soluble tellurite is rapidly excreted, but 
as time goes on, tellurium is deposited m tissues and excretion slows down 
considerably This behavior indicates that repeated admimstration of 
tellurium mil lead to an accumulation in the body 

Oral adnnnistiation produces an entirely different pictuie (Table V) 
Though we performed only one experiment, the results seem cleai cut 
Renal excretion is very low in the 1st hour, increases to reach a maximum 
betn een the 7th and the 24th hours, and then decreases again The total 
amount excreted after 144 hours represents only 3 28 per cent of the total 
amount administered by stomach tube The blood concentration varies 
somewhat in a similar mannei to the unne concentration^ This is probably 
determined by the late of intestinal absorption and related to it 
The very low percentage of excietion is probably due to the fact that 
a rather low proportion of tellurium is absorbed in the mtestme Gme m 
(1) had already obsenmd a heavy deposition of tellurium m the gastro- 
mtestmal tract Mead and Gies (19) state that the greatest part ot 
ingested tellurium is eliminated with the feces and when quantities carried 
mto the stomach aie smaU, only traces of tellunum appeal in the urine and 
frequently none can be detected According to Hamilton^ only 25 per cent 
of the tellurium ingested is absorbed In agreement mth these observa- 
tions, we found that the kidnej^s, after 11 days of ingestion, had a telluriuin 
concentration of 9 75 7 m 100 gm with a total of 4 8 7. ^'l^ch is about 
one-fourth of that found in Dog 3 (mtravenous administration) 

The study of the distiibution of tellurium between red blood cells and 
plasma shows in most instances a higher concentration in p asma an in 
red cells This picture may change if the animal should lecen e tellurium 
over a long peiiod of time 


SUMMARY 

A method for the determination of radioactive tellurium is desenbed 
The followmg observations were made in rabbits which ha een injec e 
mtravenously mth 500 7 of tellurium, as radioactive sodium tellurite, 
per kilo of body weight The amount of tellunum excrete t oug e 
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respiratory tract vaned between 0 012 and 0 08 7 for a 3 hour period 
The amount of tellunum excreted in 24 hours thus was less than one- 
thousandth of the total amount injected 

The largest concentration of tellunum w^as found m the kidneys Heart, 
lung, and spleen showed approximately the same concentrations, which were 
one-third to one-tenth that m the kidneys, but 1 5 to 2 times greater than 
m the hver A still lower concentration w^as found m skeletal muscle, 
while the smallest amount was present in encephalic matter The con- 
centrations shown by other organs and tissues ranged between those of 
muscle and liver The concentration m bile and unne was 10 tunes that 
found in blood A similar pattern of distnbution was found in rats, with 
the difference of a sharp decrease in concentration after 24 hours of 
injection 

The renal excretion in female dogs, after intravenous administration of 
100 7 of tellunum (as radioactive sodium tellunte) per kilo of body weight, 
is high the 1st hour, decreasing sharply afterwards The total amount 
excreted in 5 or 6 days represents roughly 20 per cent of the amount in- 
jected After oral admimstration, the maximum renal excretion is reached 
between the 7th and the 24th hours, and the total after 6 days represents 
only 3 28 per cent of the amount administered After 11 days, tellunum 
was still present m the kidneys, the concentration being 4 times greater in 
a dog mjected intravenously compared to that in an animal tivated orally 
Tellurium was present m a higher concentiation in plasma than in red 
blood cells 
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THE EFFECT OF THE HYPOPHYSEAL GROWTH HORMONE 
ON THE ALKALINE PHOSPHATASE 
OF RAT PLASMA^ 

Bi CHOH HAO LI. C KALMAN, \nd HERBERT M EVANS 
(From the Inslitiile of Experimental Biology, University of California, Berl cley) 

(Received for publication, May 16, 1947) 

Decrease in the alkaline phosphatase level in rat plasma follonang the re- 
moval of the pituitary oi the admmistiation of adienocorticotropic hormone 
(1) mdicates that the hypophjfsis may play an important i61e in the hor- 
monal control of phosphatase activity The results reported herem veie 
obtamed from a contmuation of this study mth the giondh hormone 
Male rats hvpophysectomized at 40 days of age vere employed The 
mtrapentoneal administration of the hormone began either immediately 
after the operation or 14 days later The giondh hormone nas isolated 
from ox antenor pituitanes by the method previously described (2) 
The animals were anesthetized with sodium amytal and blood nas taken 
from the inferior vena cava viith 4 per cent sodium citrate solution as the 
anticoagulative agent The alkahne phosphatase actuity nas estimated 
by the procedure descnbed by' Binkley et al (3) , at least thiee deteimina- 
tions vv ere earned out on each plasma sample The Coleman spectiophoto- 
meter nas employed foi recoiding the coloi intensity' The plasma nitro- 
gen was detenmned by the micro-Kjeldahl method A unit of alkahne 
phosphatase is defined as that amount of activ ity vhich mil liberate 1 mg 
of phenol in 30 minutes in barbiturate buffer of pH 9 7 
Table I summanzes the expenmental lesults obtamed in hy'pophy sccto- 
imzed male rats It is evident that the growth hormone caused marked 
mcreases in the concentiation of the alkahne phosphatase of plasma, 
whether the hoimone nas injected immediately' after hy pophy sectomv or 
14 days latei Wlien injections began on the dav of the opention, the 
lowest dose (0 01 mg daily) produced no changes in the eiizy me concentra- 
tion, but dosages of 0 03 to 0 20 mg caused significant increases m the 
plasma alkaline phosphatase Theie is no coi lelation beta een the growth- 
pi omoting activity and the increment m the enzyme level, though the 
highest dose (0 2 mg daily) was found to be the most effectiv e in mcreasing 
the enzy'me content in the plasma The alkahne phosphatase content 
changes from 3 46 to 0 40 units per 100 mg of plasma nitrogen, the latter 
V'alue IS significantlv higher than that found in normal male rats (1) 

* Aided by grants from the Research Board of the Umv ersitj of California and 
from the Rockefeller Foundation, New York 
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Similar le^ts Mere obtained ivhen the hoimone Mas admimstered 14 
days after In popli} sectomj ' »■ 

In order to asceitain that the effect obseiwed bj giowth honnone is not 
due to non-specific action, mc lia\e earned out the same experunents in 
Minch lactogenic hormone Mas emplojed m a daih dose of 02 mg As 
shoM-n in Table II, theie is no difference in the alkahne phosphatase of 
plasma content betMeen the lactogenic hormone-treated and control ani- 
ma s t ma^ t lerefore be said that elexation in the enzj'me lei el in the 

Table I 


Effect of Growth Hormone on Plasma Alkahne Phosphatase of 
^ypophyseclomiocd Male Rats 


Dail} 

dose* 

No of 
rats 

Body B-eisht 

PhsZDJI 


Autopjj 

Gam 

Nitrogen 

Albilme 

phosph&tise 

Injections begun on daj of operationt 

wr 


£m 


Sm 

uir ter u 


0 00 

17 

147 1 ± 1 9Sf 

124 G ± 2 02 

-22 5 

S 67 ± 0 16 

3 46 ± 0 22 

0 01 

4 

152 0 ± 3 9 

136 2 ± S 3 

-15 S 

9 00 ± 0 31 

3 14 ± 0 12 

0 03 

10 

123 3 ± 3 y 

12/ 4 :t 4 0 

4 1 

9 18 ± 0 29 

4 22 ± 0 26 

0 10 

12 

145 9 ± 3 7 

155 1 ± 3 9 

9 2 

S 60 ± 0 14 

4 80 db 0 39 

0 20 

10 

141 5 ± 4 0 

lOS 6 ± 3 6 

27 1 

S 89 ± 0 25 

6 40 ± OSo 



Injections begun 14 days 

after operationf 


0 00 

9 

122 1 ± 3 Of 

112 2 ± 3 2 

-2 9 

9 71 ± 0 22 

3 11 ± 0 34 

U 05 

10 

US S ± 2 6 

139 4 ± 4 0 

21 6 

8 63 ± 0 11 

5 39 ± 0 64 

0 10 

9 

125 4 ± 4 1 

147 1 ± 6 1 

21 7 

9 35 =k 0 22 

4 50 ± 0 36 

0 20 

* T„i.. 

9 

US 5 ± 2 7 

151 2 ct 4 6 

33 6 

8 70 ± 0 24 

6 02 ± 0 9S 


injections once daily for 15 dajs except Sunday (thirteen injec 


t Hats operated on at 40 daj s of age 
t Mean ± standard deviation 


plasma caused b}' groMth hormone is specifically due to the characteristic 
function of the hormone This effect of the groM'th hormone can also be 
demonstrated in non-hj’^pophysectomized animals Normal female rats 
of 89 days old Mere injected’ mtrapentoneally Mith 0 5 mg of hormone 

1 It IS of interest to note that the growth-promoting activity of the hormone is 
higher if the injections began on the day of hypophysectomj instead of 14 days later 
From Table I, it may be seen that 0 2 mg dose produced a weight gain of 49 6 gm in 
15 dajs Mhen the honnone i\as admimstered on the day of operation, whereas the 
same dose gained 30 7 gm if mjections Mere begun 14 days after hypophysectomy 

’In these experiments, the ammals Mere fasted 24 hours before autopsy, and 
heparin m as used as the anticoagulative agent instead of sodium citrate 
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daily for 20 days Table III shows that the concentration of alkahne 
phosphatase in the plasma of injected animals is almost double that in the 
controls and that the injected group shoved v eight gams averaging 83 
gm m 19 days, vlule the controls gained only 17 gm 


Table II 

Effect of Lactogenic Hormone on Plasma Alkahne Phosphatase of 
Hypophysectomized Male Rats 


Experiment 

No of 
rats 

Body weight 

Plasma 

Initial 

Autopsy 

Difference 

Nitrogen 

Alkaline 

phosphatase 

Control* 

Injected! 

I 

em 

147 1 ± 1 98t 
140 5 ± 3 20 

gm 

124 6 ± 2 02 
122 9 ± 3 47 

gm 

-22 5 
-17 6 

ms per cc 

8 67 ± 0 16 

9 82 ± 0 26 



* Rats operated on at 40 days of age 

t Intrapentoneal injections were begun on the day of hypophysectomy with 0 20 
mg of hormone daily for 15 days except Sunday (thirteen injections) 
t Mean db standard deviation 


Table III 

Effect of Growth Hormone on Plasma Alkaline Phosphatase of Normal Female Rats 


Si\ ammals* in each experiment, the female rats were 89 days of age at the begin- 
ning of the experiments 


Experiment 

Body weight 

Plasma 

Initial 

At 19 th day 

Gam 

Nitrogen 

Alkaline 

phosphatase 

Control 

Injected! 

gm 

176 6 ± 3 3* 
185 3 ± 4 4 

gm 

193 5 ± 4 4 
268 8 ± 6 6 

gm 

16 9 
83 5 

j ms per cc 

9 37 ± 0 23 
10 30 ± 0 68 

I units per 100 ms N 
1 19 db 0 12 

1 99 ± 0 36 


* Mean ± standard deviation 

t The animals were receiving intraperitoneally 0 5 mg of growth hormone dailj 
for 20 days and were fasted 24 hours preceding autopsy 


It IS well known that pitmtary giowth extracts exert specific effects on 
the epiphj’-seal cartilages of hypophysectomized rats (4, 5) Recent e\- 
penments of Becks et al (6) hat e shown that the grovd,h hormone v as able 
to reawaken chondrogenic and osteogemc processes in the epiphjseal car- 
tilage of the tibia in hypophysectonuzed rats, even after postoperatn e in- 
tervals of a year or longer, to an extent comparable to that seen in normal 
yoimg, growmg rats Since alkahne phosphatase is indispensable in bone 
formation (7), the increase in the plasma alkahne phosphatase Ie\ el follow - 
mg growth hormone injections might be assumed to be specificallj related 
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to the changes pro^ oked by the hormone in the bon^ structures Howe\ er, 
alteration in the enzr^une lei el in the blood serum maj* also be due to pro- 
cesses other than those invoh ed in bone formation There are indications 
(7) that phosphatases are concerned mth protein sjnthesis, since growth 
hormone reduces the unnarj nitrogen (8) and causes an increase in body 
protem,® the elevation of plasma alkahne phosphatase following thead- 
mmistration of growth hormone ma> be related to this charactenstic of 
the hormone 

Previous studies haie shown that, -when adrenocoiticotropic hormone is 
mjected simultaneousl 3 vath the grondh hormone in hypophj'sectomized 


Tvble n* 

Effect of Growth and Adrenocorticotropic Hormones and Their Combination on Plasma 
All aline Phosphatase of Hypophyscctomtzcd Male Rats 


1 

1 

Dailj 

do«c' 

No 

of 

rats 

Bodj TTcight 

Plasma 


Imtial 

Aulopsj 

Gam 

Nitrogen 

Alkalmc 

ptospiatasc 




Sri 

Srt 

gfr 

vt trr cc 

vruls fcT 

JDO nj A 

Growth 


6 

144 8 ± 5 2t 

159 5 ± 0 47 

14 7 

8 55 ± 0 22! 

4 66 ± 0 47 

Adrenocor- 

0 so 

4 

115 7 ± 5 5 

116 7 ± 6 4 

-29 0 

10 50 ± 0 35 

2 87 ± 0 44 

ticotropic 

Growth 







2 52 ± 0 SO 

Adrenocor- 


5 

148 5 ± 5 S 


-14 2 

11 46 ± 0 36 

ticotropic 

0 sj 





1 



* Rats operated on at 40 dajs of age, intrapentoneal injections begun on the day 
of hjTJophj sectomy once daily for 15 days except Sunday (thirteen injections) 
t Mean ± standard denation 


rats, a counteraction exists betneen these tno lioimones (9, 10) It is of 
interest to investigate whether tlus antagonism nnght also he found in the 
concentration of plasma alkahne phosphatase It has been shown pre- 
viouslj’’ that adrenocorticotiopic hormone reduces the content of this 
enzyme m rat plasma (1) Table IV piesents a summai-j of the data, 
mdicating that there is indeed an antagomsm occurnng between groya 
and adrenocorticotiopic hormones It maj' be seen in Table IV that w 
0 10 mg of growdh hormone is injected daity in hypophysectomized ma o 
rats simultaneouslj vath 0 50 mg of adrenocorticotropic hormone for o 
days, the alkahne phosphatase content is reduced from 4 66 units, they a ue 
obtained wath giovdh hormone alone, to 2 52 units pei 100 mg of p sma 
N Thus, the influence of giowth hormone on alkahne phosphatase^ 
completelj’’ masked bj^ the action of adrenocorticotropic hormone 

’ Li, 0 H , unpublished data 
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the influence of giowth hormone on the concentration of plasma phos- 
phatase IS legarded as indicative of the hormonal action on either bone 
formation oi general bodj’’ grov'th, or both, the observed counteraction of 
the grovi,h and adrenocorticotiopic honnones in the phosphatase activity 
IS not surprising In fact, it may be anticipated that other unknown 
enz 5 Tnic processes concerned with these physiological changes viU turn 
out to be affected m an opposite manner by these two pitmtary factors 

STUMMAHY 

Administration of growth hormone has been shown to produce a marked 
increase m the alkahne phosphatase content of the plasma in both hj'pophy- 
sectomized and normal rats It has also been shown that adrenocortico- 
tropic hormone counteracts the effect of growth hormone on the plasma 
alkahne phosphatase m hypophysectomized animals The significance of 
the results is discussed with refeience to the chai-actenstic action of the 
hormone on bone formation and piotein catabohsm 
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THE VITAMIN Be GROUP 

XI AN IMPROVED METHOD FOR ASSAY OF VITAMIN B, WITH 
STREPTOCOCCUS FAECALIS* 

Bt JESSE C RABINOWITZ and ESMOND E SNELL 

{From (he Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison) 

(Recen ed for publication, May 12, 1947) 

The initial demonstiation of the multiple nature of vitamin Be (2) and 
much of the ivork leadmg to the identification of pyndoxal and pyridoxa- 
imne as members of this gioup of vitamins (3-5) uere earned out vnth 
Streptococcus faecahs R as the test orgamsm This organism requires 
vitamm Be for grovdh under defined conditions, but m contrast to pyri- 
doxal and pyndoxamme, which are highly active m promoting growth, 
pyridoxine is essentially inactive (4) This organism v as therefore used, 
in conjunction with Lactohacillus casei and appropriate chemical pro- 
ceduies, to demonstrate the occuirence of pyndoxal and pjTidoxamme m 
natuial materials (5) It was soon obseiv-ed that in its quantitative appli- 
cations the assay led, in certam cases, to mconsistencies Thus, applica- 
tion of the assay to a liver prepaiation gave a result higher than that 
obtamed mth Saccharomyces carlshergetisis, which responds almost equally 
to ‘pyndoxal, pyndoxamme, and pyiidoxme (5) Similar results nerc 
obtamed uith 3Tast samples bj’’ Melmck and conorkeis (6), and this 
fact, coupled with an apparent lability of the gionth-promotmg substance 
to acid, led the latter workers to postulate the existence of a fourth member 
of the vitamm Bs group Others (7, 8) also have expressed dissatisfaction 
•with the use of this organism m the assay of 'vatamin Be 

The present paper describes the results of a detailed mvestigation of 
the use of Streptococcus faecahs for the determination of p'vmdoxamme 
and pyndoxal The medium and procedure developed permit obtention 
of duplicable and accurate lesults It can also be applied, when desired, 
to the determmation of other vitamms required by this orgamsm 

EXPERIMENTAL 

Test Organism and Cultuie Medium — Streptococcus faecahs R (Amencan 
Type Culture Collection No 8043) nas earned by monthly' transfer m 
j'east-dextrose agar, mth mcubation at 30° As a point of departure, the 
medium and teclmique described bj' Snell and Eannefeld (4) nere used 

‘Published with the appro\al of the Director of the Wisconsin Agricultural 
Eiipcriment Station For Paper X of this series, see reference (1) Supported in 
part by a grant from the Wisconsin Alumni Research Foundation 
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Syntlietic folic acid, at a level of 0 1 7 per tube, was used m place of the 
folic acid concentrate, and the other intamms vere added to twice the 
levels originally recommended As a result of prelumnarj’' e\penments, 
adenme sulfate, guanine lij’^drochlonde, and uracil veie omitted from 
the medium, since growth of the organism in the presence of these sub- 
stances v as sometimes slightly inhibited but never stimulated 

Because of the lability of pjTidoxal when the medium is autoclai ed, all 
Be-contaimng supplements were stenhzed sepaiately and added asepticallj 
to tubes prenously autoclaved with enough water to bnng the total 
volume to 5 cc The double strength basal medium was autoclaved 
separately, and, when cool, 5 cc aliquots were added aseptically to each 
tube 

Inocuhm — The inoculum w'as prepared from a 20 to 24 lioiu culture of 
Streptococcus faccalis grown in 10 cc of the sodium citiate medium de- 
scnbed below, which was supplemented with 100 miUimicrograms of 
pjudoval hydroclilonde The cells were centrifuged, washed in 10 cc 
of stenle saline, lecentiifuged, and lesuspended in 10 cc of stenle sahne 
Each tube was inoculated with 1 drop of this heavj’’ suspension Satis- 
factory giowdh was obtained with much lighter inocula, but, when these 
were used, a sigmoidal cunm was obtained with pyndo\al The hea^7 
inoculum is therefore lecommended 

Effect of Citrate — Growth on the unmodified medium wms poor and the 
lesponse to added P3Tido\amine dihj'drochlonde 01 pj'ndoxal hjdro- 
chloride was usuall}’' eiratic The replacement of the sodium acetate of 
this medium bj’- 2 per cent of sodium citrate (9) resulted in greatly m 
creased growth, although giowdh still tended to be erratic Smce citrate 
W'as supenoi to acetate as a buffer m this medium, it was used m all further 
e\penments 

Effect of Autoclaving — In occasional e\penments, the addition of a 
mixtuie of synthetic aimno acids to the basal medium markedlj' stimulated 
grow'th It was felt that the erratic beha\nor of the orgamsm from one 
assaj' to another might residt fiom vanable destruction in the autoclave 
of an essential amino acid An expenment was therefore designed to 
detenmne the effects of different autoclaving times 

Ahquots of the double strength basal medium were autoclaved for , 
6, 9, 12, and 15 minutes at 15 poimds pressure An imautoclaved ahquo^ 
W'as also stenhzed by filtration 5 cc of medium treated in each waj 
were added to one senes of tubes contaimng 10 milhnucrograms of pj^n^ 
doxal hydroclilonde m 5 cc of autoclaved w'ater and to another senes, 0 
w'hich each tube contained m addition 1 mg of each of tw'enty-one crys a^ 
line amino acids All tubes were then inocidated and incubated as usua 
The results are given in Table I 
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The data show that to support growth the medium must be autoclaved, 
hoivever, prolonged autoclavmg renders the medium incapable of support- 
ing ma\imum growth In the presence of e\tra ammo acids, no deleten- 


Tablb I 

Growth of Streptococcus faecalts tn Media Autoclaved for 
Various Lengths of Time 



Time autoclaved, IS lbs pressure 


mxn 

mtn 

mxn 

mtn 

mtn 

mxn 


0 1 

3 

6 

9 

12 

15 


Galvanometer reading* 

No additions 

86 j 

37 

40 

49 

51 

61 

Ammo acids added 

1 

60 ! 

38 

37 

37 ' 

1 

37 ’ 

1 

39 


* Per cent transmission, uninoculated basal medium = 100 


Table II 

Effect of Individual Ammo Acids on Growth of Streptococcus faecalts in Unautoclaved 

and Autoclaved Media 


Ammo acid* 

Galvanometer reading ' 

Amino acid* 

Galvanometer reading 

Auto- 1 
cla\edt 

Unauto 

clavedt 

Auto 

clavedt 

Unauto 

clavedt 

No additions 

mm 

so 

1 

DL-Isoleucine 

1 

79 

85 

DL-Alanine 


82 

L-Leucine 

so 

81 

/3-Alaniuc 

76 

SI 

L-Iiysine 

79 

S9 

L- Arginine 

75 

73 

DL-Methiomne 

79 

84 

Asparagine 

77 

77 

DL-Phenylalanine 

80 

85 

DL-Aspartic acid 

78 

SO 

L-Prolme 

78 

76 

L-Cystine 

53 

79 

DL Serine 

79 

80 

L-Cysteine 

43 

43 

DL-Threomne 

79 

96 

Glycine 

78 

97 

DL-Tryptophan 

78 

87 

ii-Glutarmc acid 

78 

92 

L-Tyrosine 

77 

84 

L»Histidine j 

77 

S5 

DL-Valine 

78 

77 


* 2 mg of DL amino acid or 1 mg of L-amino acid per 10 cc of medium which 


contained 10 millimicrograms of pyrido\al hydrochloride 

t The medium n as autoclaved 20 minutes at 15 pounds pressure 
t The medium n as filtered through a frittered glass filter 

ous effects of prolonged autoclaving are obsen^ed, and considerable grov th 
occurred in the unautoclaved medium 
To determine the ammo acids effective m permittmg growth under 
these conditions, each of twenty-one ammo acids was tested mdindualh 
m an unautoclaved medium and m a medium autoclaved for 20 mmutes 
at 15 pounds pressure The results are shown m Table II Onl 3 ’^ cj steme 



























634 


ASSAt OP VITAMIN Bs 


and cystine stimulated grmrth when added to the autoclaved medium’ 
and only cysteine pomutted ma\imum growth in the unautoclaved me- 
dium 

The effectneness of these compounds and other reducing agents in 
permittmg groudh in unautocla\ed and m erautoclaved media is shown 

TAnan III 


Effect of Various Supplements on Growth of Streptococcus faccahs in Unoutoclared 

and Autoclaved Media 





Gil\ anometcr rc-dmg 


Additions 

\ Amount 

Filtered* 

Autoclaved* 

Pyndonmmc dihjdrochloride, millunicrognuiu 



0 

1 10 

0 

10 

* 

None 

ns 

0 

100 


96 

62 


0 

99 


93 

64 

Autoclaved glucose f 

6 

97 


93 

61 


15 

89 

34 

92 

62 

Ascorbic acid 

1 

90 

40 

92 

64 

1 

3 

90 

3G 

94 

67 


5 

90 

32 

91 ’ 

65 

Sodium thioglycolate 

0 5 

97 

89 

91 

53 


1 

97 

74 

1 90 

50 


2 

92 

! 76 

I 95 

44 

Cysteine hydrochloride 

0 5 

95 

i 89 

94 

31 


1 

97 

92 

1 94 

31 

1 

2 

93 

49 

92 

33 

1 

4 

93 

47 

94 

I ^ 

Cystine “ 

0 5 

100 

92 

92 

i 32 


1 

99 

92 

94 

30 


2 

100 

92 

i 93 

31 


4 

98 

93 

1 

91 

31 


* Filtered = medium passed through fnttered glass filter Autoclav cd = znedium 
autoclaved 15 minutes at 15 pounds pressure 

t 0 1 gm of de\trose and 2 cc of 1 n NaOH in 10 cc of uater were autoclaved 15 
minutes at 15 pounds pressure 

ip Table III Agam veij'^ poor growth was obtained on the filtered me- 
dium The addition of alkah-treated glucose or ascorbic acid to this 
medium permitted maximum giowth, sodium thioglj colate and c}'8teine 
weie effectne to a lessei degree, cystine was ineffective On the auto 
claved medium, maximum giowi;h wms obtained only when cjsteme or 
"cj'stme was added Alkali-treated glucose and ascorbic acid ha no 
growdh-promoting effect, sodium thioglycolate permitted increase , 
although not maximum, growdh 
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As a result of these findings, extra cystine has been added to the medium 
as follows The double stiength basal medium contaimng 1 mg of cystme 
per 5 cc is autoclaved for 10 imnutes at 15 pounds pressure When it 
has cooled, 0 33 cc of a stenle solution of cystme hydrochlonde (3 mg per 
cc ) IS added asepticaUy per 5 cc of double strength basal medium It is 
advisable to include some cystme in the basal medium dunng the auto- 
claving process, as well as to supply the additional quantity If desired, 
a considerabl}’- larger quantity (3 to 4 mg ) of cystine may be added im- 
tially, sufficient escapes destruction to permit growth after any reasonable 
penod of autoclaving 


Table IV 

ComposiUon of Basal Medium 


Substance 

Amount per 100 
cc double 
strength medium 
(20 assay tubes) 

Substance 

Amount per 100 
cc double 
strength medium 
(20 assay tubes) 

Acid-hydrolyzed casein* 

vtg 

1000 

NaCl 

ms 

2 

Glycine 

40 

FeSO, 7HsO 

2 

Asparagine 

20 

RlnSO^ HsO 

2 

DL-Tryptophan 

20 


y 

L-Cystine 

20 

Riboflavin 

80 

Dextrose i 

2000 

Thiamine hydrochloride 

40 

Sodium citrate 1 

4000 

i Calcium pantothenate 

80 

KHjPOi 

600 

Niacin 

80 

KjHPOi 

600 

p Aminobenzoic acid 

40 

MgSOi 7HjO 

40 

Folic acid 

2 

NaHCO, 

20 

Biotin 

0 4 


* Prepared from Labco "vitainm-free'' casein, as described elsewhere (4) 


With these modifications and additions, the poor and erratic results 
obtained with the ongmal techmque appeared to be largely overcome 
The basal medium, as finally adopted, is given m Table W For con- 
vemence, the components of the medium were stored m three separate 
solutions Solution A, the casern hydrolysate with added ammo acids. 
Solution B, the sugar and inorgamc salts, and Solution C, the ntamins 
Solutions A and C were kept in a refrigerator under toluene, while Solution 
B was kept frozen m a refrigerator at —4° Such solutions are stable for 
at least 1 to 2 months The basal medium was prepared by mixing the 
calculated amounts of each of these solutions and adjusting the pH to 
6 8 with NaOH 

Length of Incubation — In appBnng the modified medium to the assa}’’ of 
\ntamin Be m natural matenals, the length of mcubation vas found to 
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have a marked effect on the results obtamed A sample of a dned yeast 
was hydrolyzed for 5 hours mth 0 055 N HCl (1) and assayed with Strepto- 
coccus faecalis vnth the modified medium described The tmbidities of 
the same tubes weie determined aftei vanous time mtervals Results 
are shown in Pig 1 It is seen that if the vitamin Be content were calcu- 
lated before 20 houis incubation, the results would be a measme not only 
of the vitamin Be present, but also of other substances stimulatory to the 
growth of S faecahs The existence of such substances has been reported 
previouslj’- (10) Since thej’- are stimulator 3 ’' only, and not essential for 
grovdh, then effect disappears after longei mcubation penods In the 



Fig 1 The effect of time on the growth response of Slrcplococcus faccalis to 
equivalent amounts of a dried yeast (0 OD mg ) and to pyridoxamino dihydrochloride 
(4 millinucrograms) in the vitamin Be free medium 

assay of natuial matenals for vitamm Bo with S faecahs, theiefore, tur- 
bidity should be deteimmed only after 20 to 24 hours incubation 

The detailed procedure for determination of vitamin Be, as modified in 
the present study, is theiefore as follows Enough water to give a volume 
of 5 cc , when the supplements have been added, is autoclaved 10 mmutes 
at 15 pounds pressure m 18 X 150 mm PjYex test-tubes v hich are covered 
with aluminum caps After the tubes have cooled, supplements which 
have been diluted with stenie water are added to the tubes aseptically 
Sufficient double strength basal medium for the assay is autoclaved m 
one flask for 10 mmutes at 15 pounds pressure ^Vhen it has cooled, a 
previously autoclaved solution of n-cystine (3 mg per cc Y is added o 

^ To prepare this solution, suspend 0 5 gm of n-cystine in a small amount o 
water, add concentrated HCl dropwrise, with heating, until the solution is jus 
fected, then dilute to 3 mg of cystine per cc 
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the basal medium m sufficient quantity to supply 1 mg per 5 cc , as de- 
sciibed eaihei A 5 cc poition of the basal medium is then added asep- 
tically to each tube The tubes are inoculated mth 1 chop of a heavy 
inoculum and placed m an incubator at 30° foi 22 to 24 hours At the 
end of this penod they aie heated m floiimg steam at 100° foi 10 minutes 
to stop gioivth After coohng, the turbichties are determined inth the 
Eveljm colorimeter mth the 660 m/i filter 
Apphcahon of Assay to Nairn al Materials — ^The vitamm Be content of a 
number of natural materials was determmed \nth Streptococcus faecahs, 


Table V 

Vitamin Be Content of Some Natural Materials Determined with Saccharomyces 
carhbergensis and Streptococcus faecahs 


Substance 

Sample treatment* 

Vitamm B« contentf 

1 

Yeast 

1 

5 JaecaUs 



7 per cm 

\ t prr cm 

Dried brewers’ yeastt 

w 

57 4 

1 46 7§ 

Difco yeast extract 

“* 

25 8 

17 5 

Wilson’s 1 20 liver powder 

fi 

59 4 

47 6 

Ceroph 3 l 

s 

15 0 

7 8 

Vitab 

(( 

153 

14 0 

Whole wheat flour 

(1 

6 0 

0 9 


*W = autoclaved 5 hours at 20 pounds pressure vith ISO cc of 0 055 N HCl, 
S = autoclaved 5 hours at 20 pounds pressure v ith 10 cc of 2 n HCl 

t The activities of pyndovamine dihydrochloride, pyndoval hjdrochlonde, and 
pyndoMne hydrochloride for S carlshergensis were 10, 13, and 1 2 respectnelj 
The vitamin Bj content of vitab and whole wheat flour, as determined with S carls 
bergensis, has also been expressed as pyndoxamine dihydrochloride, although it is 
realized that the major portion of the activity is due to pyridoxine The activities 
of pyridovamme dihydrochloride and pyridoxal hydrochloride for S faecahs were 
1 0 and 1 1 respectively 

t A sample of dried yeast, R C No 6 , kindly supplied by Dr L Atkm 
§ The average of sixteen separate determinations on different hjdrolj sates of 
the jeast sample The average deviation was 4 7 per gm 

With this improved method, and compaied with the values obtained on 
the same samples with Saccharomyces carlshergensis as the test organism 
(1, 11) The results aie shown in Table V 
All samples were hj^drolyzed under conchtions pretiouslj shown to 
hberate maximum amounts of vitamm Be, as determined bj the 3 east 
assay (1) With the exception of dried 3 east samples, winch sliowed 
maximum vitamm Be activit3^ for Streptococcus faecahs before acid 113 drol- 
3’sis (cf (12)), the xutaimn Be content of the natuial matenals tested was 
also unavailable to Streptococcus faecahs, unless the samples were acid- 
h3'drolyzed Prolonged acid h3’’drol3'Sis did not destro3 an3 of the \utamm 
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The vitamin Be content of 3 east, liver, and Cerophyl samples, as de- 
termined inth Saccharomyccs carhhergensis, has been expressed as pjTi- 
doxamme dihydrochlonde, instead of as p3nidoxine hydrochlonde, as has 
been done m previous investigations (5-7, 1), since the greater proportion 
of the vitamin Be of these substances is piesent as p3’Tidoxamine 

It IS evident fiom Table V that the vitamin Be content of all materials 
tested IS smaller when determined ivith Streptococcus faecahs than when 
detemuned ivith Saccharomyccs carhbergensis The activity of these 
samples, then, can be explained in terms of their pj-ndoxine, pyndoxamine, 
and pyndoxal content alone 


Table 


Response of Various Strains of Streptococcus faecahs to Pyndoxamine, Pyndoxal, 

and Yeast Extract 



GaUanonictcr reading 

RclaU\ c actmlj , 
p>ridoxal to 
pjTidoxaminc* 

Vitamin Bi in yeast 
(as pyndoiaminc 
dih> drochloride) 

Strain of S foKahs 

P> ridoxaminc dihydrochlonde 
millimicrograms 


0 

10 



R 

98 

43 

1 1 (0 6-1 3) 

y per tm 

44 

734 

88 

36 

1 3 (1 2-1 4) 

42 

742 

97 

39 

1 7 (1 5-1 8) 

44 

718 

98 

64 

1 1 (0 4-1 7) 

42 


* In some cases, the ratio of actuity of pjridoxal to pyridoxaimne varies with the 
amount added, i c , the dose response curves to the two substances are dissimilar 
The limits of such variations are indicated by the figures in parentheses The first 
such figure gives the actnity at the lowrest le\el, and the latter figure goes the 
activity at the highest level 


Other Strains of Streptococcus faecahs — number of other strains 0 
Streptococcus faecahs, obtamed from Dr J hi Sherman, weie used for 
the assay of vitamin Be in a dned brew'ers’ j'-east The sample was auto 
claved in 180 cc of 0 055 n HCl foi 5 hours at 20 pounds pressure, a 
treatment which has been showm to hbelate maximum amounts of t e 
vitamin from such a yeast sample tvlien determined vuth Saccharomyc^^ 
carlshergensts (1) In each case the vitamin Be content of the 3 east is 
average of ten levels tested, containing from 0 5 to 5 0 milhmicrograms 0 
the vitanun The results aie given m Table VI , 

Although the ratio of the activity of p3mdoxamiue dih3'drochlon 
pyndoxal h3’^drochlonde vaned gieatly among the strains 
vitamin Be content of the sample, calculated as p3'ndoxamine 
chloride, wms found to be the same, legardless of the culture use 
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indicates that pyndoxal coiitnbutes only a small portion of the vitamm 
Be activitj’- of a yeast sample when prepaied as desenbed Similar con- 
clusions ha\e been i cached ivith Lactobacdlus cam, which responds only 
to pjTidoxal, as the test organism (5-7) 

The extent of giowth obtained on this medium also vaned inth each 
cultuie, yet the ntamin Be content of the natural sample was the same 
m all cases This is added evidence for the rehabihty of the method 
finally adopted, and indicates that grow'th-stimulatory substances present 
m the sample do not interfere with the determination of vitamm Be 
Use of Medium with Streptococcus faecalts for Othei Vitamins — ^The 
improved medium maj’- be used wnthout modification in the assay of 


Table VII 


Response of Streptococcus faecalts R to Calcium Pantothenate, Ntacin, Folic Acid, 
and Biotin in Modified Medium 


Calcium pantothenata 

Niacm 

FoUc acid 

Biotm 

Mail 

micrograms 
per tube 

Galva 

nometcr 

reading 

1 Mail 
nucrograms 
per tube 

Galva 

nometer 

reading 

' MilU 
micrograms 
per tube 

GaKa 

nometer 

reading 

MilU 

nucrograms 
per tube 

Galva 

nometer 

readmg 

0 

97 

0 

97 

0 

95 

0 0 

93 

100 

82 

50 

84 

1 

89 

0 25 

68 

200 

57 

100 

75 

2 

82 

0 50 

58 

300 

44 

150 

68 

3 

78 

0 75 

44 

400 

38 

200 

64 

4 

72 

1 0 


600 

33 

350 

50 

5 

69 

2 0 

41 

800 

30 

400 

51 

8 

59 

3 0 

36 

1000 

28 

500 

47 

10 

55 

4 0 

! 33 

1 


macin, folic acid, and pantothemc acid The charcoal treatment used 
m preparmg the casein hydrolysate does not completely remove the 
biotm present For this purpose, it is necessary to treat the casein with 
charcoal at pH 2 0 to 3 5 before it can be used for the assay of biotm 
The response of Streptococcus faecalis to added amoimts of each of these 
vitamms on the modified medium from w'hich each ntamm under test 
has been omitted individually is shown in Table WI When used m 
this mannei, 1 y of pyndoxamme dih 3 ’’drochlonde or pjndoxal hydro- 
chlonde per 10 cc of medium was used as a source of ntamm Be 

DISCUSSION 

The most obvious difficulties encountered m using the ongmal medium 
described ivith Sb eptococcus faecalts were the comparatn elj' poor growth 
and the erratic nature of the growth, both in a smgle assai and among 
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different assays One factor responsible for the supenor growth obtained 
in the present studies was the substitution of sodium citiate for sodium 
acetate A companson of the growdh of Slreplococats faccahs on the 
modified medium and on this same medium in which the sodium citrate 
IS replaced bj’’ 60 mg of sodium acetate per tube is given m Fig 2 With 
the modified medium and procedure, the curve obtained with sodium 
acetate is quite regular, although the growth is less evtensive than when 
sodium citrate is used as a buffer 

The pnmary factor responsible foi the erratic nature of the lesults, 
how'ever, wms the vanable effect of autoclaving, wduch, although necessar} 



Fig 2 A companson of citrate and acetate ns buffers for the growth of Slrcplo 
coccus faccahs 


to permit grow'th, rendeied the medium unsuitable foi growdh if continued 
for as long as 15 mmutes It is mteiesting to note that the fortuitous 
adoption of a favoiable autoclaving time w'ould permit legular results to 
be obtained with the earlier, unmodified medium Such a circumstance, 
in fact, permitted extensive use of the eaihei assa)’’ by one of us (2-5; 
without serious irregulanties, these came to light wffen, on removal to 
another laboratoiy with a different tjqie of autoclave, the onginil assay 
procedme pioved almost useless , 

Orla-Jensen (13), using a vanety of lactic acid bactena, demonstra e 
that most of these organisms wmuld not grow on a yeast autob^sate-glucoae 
medium unless the glucose w'ere autoclaved wath the mtrogen source or m 




J C RABINO'O'ITZ AND E E SNELL 


641 


basic solution Smiley and coworkers (14), usmg a chemically defined 
medium, found that Slrepiococcus sahvanus behaved in a similar manner 
Hovever, Niven and Sherman (15) found that Streptococcus faecahs would 
grow on an unautoclaved, synthetic medium wluch contained sodium 
thiogb colate 

The results obtamed m this study indicate that failure of Streptococcus 
faecahs to grow m the unautoclaved medium is due to the lack of a suitable 
reducmg agent, the lequuement foi which is comparatively non-specific, 
since it IS satisfied bj'’ ascorbic acid, thioglycohc acid, cysteine, or glucose 
autocla^ ed imder basic conditions Failure to grow m the overautoclaved 
medium results from destruction of cystme or cysteine dunng autoclaving, 
after such treatment, the medium is rendered suitable for growth by the 
addition of extra cystme or cysteme 

SUAEVIARY 

The assay method for vitamin Eg (p 3 Tidoxal and pyndoxanune) which 
uses Streptococcus faecahs as the test orgamsm (4) has been modified 
The substitution of sodium citrate for sodium acetate perrmts much moie 
extensive growth If unautoclaved, the medium does not support the 
growth of Streptococcus faecahs, under these conditions, the addition of 
reducmg agents such as ascorbic acid, sodium thioglycolate, cysteine, oi 
alkah-treated glucose permits extensive giowth A medium autoclaved 
more than 6 mmutes at 15 pounds pressure also does not support maximum 
growth of the organism, due to the destiiiction of cystine and cysteine 
This effect is readily overcome by supplementmg the autoclaved medium 
vuth cystine which had been sterilized separately, or by addmg excess 
cystme befoie autoclaving These modifications have largely eliminated 
the erratic and vanable lesults obtained uith the earher method 

In applymg the method to the determination of vitamm Be, it is neces- 
sary to incubate foi longer penods (20 horns) than previousl}'’ thought 
necessary to eliminate the effect of non-essential grovdh stimulants pres- 
ent m natural matenals 

With the modified piocedure and with properly hydrob'zed extracts, 
the vitamin Be (pjuidoxal plus p 5 nidoxamme) content of natural matenals 
obtained "mth Sti eptococcus faecahs weie uniformlj’’ less than the values 
obtamed ivith Saccharomyces carlsbergensts (pyndoxal, pjTidoxamine, and 
pyndoxme) These results do not support, therefore, the hypothesis (6) 
that a fouith umdentified member of the mtamm Be group exists 

Four different stiains of Sti eptococcus faecahs, which differed m their 
grondh cliaiactenstics on the assa 3 ' medium, ga\e identical values for the 
ntamm Be content of j’^east extract 
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Satisfactorj’' standard cur\es loi otliei \itamms required by Strcpto 
coccits faecahs are readily obtained with the medium, its appbcation to 
tbeir assay has not been investigated further 
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In most natural matenals, vitamin Be oecuis in a boimd form, unavail- 
able to orgamsms such as Saccharomyces cm Isbei gensts unless hberated by 
acid hydrolysis (2) For the lattei purpose, hydrolysis ivith 0 055 N 
hydiochlonc acid is considerably more effective than higher concentrations 
of acid (2, 3) This unusual behavioi is shared by p 3 ’Tido\al phosphate, 
which occurs natuially as a prosthetic group of tiansaminase (4) and 
ammo acid decarboxylases (5), and which also shows only weak groivth- 
promoting properties before hydrolj^sis From these results, it might be 
concluded that the bound form of ntamin Be present in natural matenals 
was pyiidoxal phosphate However, piehmmarj'^ microbiological assaj^s 
of natural matenals indicated that most of the vitamin Be of yeast, hver 
powder, and snmlar matenals was present as pyndoxamme rather than as 
pyndoxal or p 3 Tido\me (6) These results were later verified with more 
adequate extraction procedures and a more satisfactoiy assay procedure 
(1) Similarl 3 '’, direct assay showed the p 3 "ndoxal phosphate content of 
dned yeast to account for only 3 to 10 per cent of the total vitamin Bs m 
the sample (3) These results show that the p 3 "ndo\al phosphate content 
of natural matenals cannot fully explain their behanor toward acid 
hydrolysis 

This paper presents eiudence to show that the prmcipal bound form of 
vitamin Be m natural matenals is pyndoxamine phosphate The abiht 3 
of synthetic pyndoxamme phosphate to function as a cotransammase {but 
not as a codecarboxylase) has been reported (4) Colonmetnc anaB'^ses 
have also indicated that this substance may occur naturally m some 
preparations of transaminase from pig heart (7) However, the specificit 3 
of the methods used to detect pyndoxamme m the latter mi estigation has 
been senously questioned (8) 

EXPERIMENTAL 

Assay Piocedures — ^Assa 3 ^s with Strepiococais faecaks were performed 
by the modified procedure desenbed m the preceding paper (1) Assa 3 's 

* Published vith the approval of the Director of the Wisconsin Agncultural 
Expenment Station Supported in part by a grant from the Wisconsin Alumm 
Research Foundation For Paper XI of senes, see reference (I) 
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ASSA.-i OF VITAMIN Be 


Satisfactory standaid curves loi olhei iitamms required by Sircpio- 
cocciis faecalis are readily obtained vuth the medium, its application to 
their assay has not been investigated further 
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Like pjTidoxal phosphate (and unhke pyndoxal), the product of the above 
reaction (pj’^ndoxamme phosphate) is largely unavailable to S carls- 
heigcnsis and L casei In contrast to pyndoxal phosphate, however, the 
product shows high activity for S faecahs, which varies from somewhat 
less to somewhat greater than that of pyndoxamine as the testing level 
IS mcreased Hydro^^sis of the product with acid yields pyndoxamme, 
highly active for S carlshei gensts and S faecahs, but essentially inactive 
for L casei It should be noted that (a) the conversion is essentially 
quantitative, the amount of pyndoxamine obtamed by hydrolysis of the 
leaction product equaling the amount of pyndoxal obtained by hj’’drolysis 

Table II 

Vitamin Be Content of Dried Brewers' Yeast* 

gm ± a\erage deviation of points in single assay) 
Streptococcus faecahs 

41 7 ± 10 0 
44 5 ± 5 9 
43 8 ± 0 9 
40 6 ± 0 9 

42 7 ± 0 8 

* A sample R C No 6 kindly supplied by Dr L Atkin 
t Expressed as pj'ridoxamine dihydrochloride for the S carlsbergcnsts and S 
faecahs assay and as pyndoxal hydrochloride for the L casei assay The relative 
activities of pyndoxamine dihydrochloride, pyndoxal hydrochloride, and pyndoxine 
hydrochloride for S carlsbergensis are 1 0, 1 3, and 1 2 respectively The activities 
of pyndoxamine dihydrochloride and P 3 Tidoxal hydrochloride for S faecahs were 
1 0 and 1 1 respectively 

t A water extract, prepared by filtering a n ater suspension of the yeast, acidified 
with HCl to 0 055 N and autoclaved 5 hours at 20 pounds pressure 

of the startmg material, and that (6) no dephosphorylation accompames 
the reaction, as evidenced by the inactmty of the product for S carls- 
iergensis Like pyiidoxal phosphate, the product is stable to alkahne 
hydiolysis, but is hydrolyzed by acid 

A similar procedure for preparation of pyiidoxamme phosphate vas 
employed by Umbreit et al (4) , the product was ineffective as a coenz 3 Tiie 
for ammo acid decarboxjdation but retained actnity as cotransaminase 
Natural Occurrence of Pyndoxamine Phosphate — ^Prexnous results showed 
that for maximal release of vitamin Be from a dried brewers’ yeast, 5 hours 
hj’-diolysis at 20 pounds pressure vnth 0 055 N hydrochlonc acid v as neces- 
sarj”^ vhen Saccharomyces carlsbergensis vas the test orgamsm The effect 
of varying the time of hj'drolysis on the apparent vitamm Be content of 
this yeast, as determined with three orgamsms, is shown m Table II 


Lactobacillus caset 

0 6 
3 8 

3 3 

4 3 


Hrs hjdrolysis 



Vitamin Ba content! (or pe 


Saccharomyces carlsbergensts 


6 7 ± 0 2 
33 7 ± 1 3 
46 5 db 1 7 
49 2 ± 1 4 
43 4 ± 1 1 
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The values obtained inth Lactobaallns casei as the test organism show 
clearly that the amount of p3'^ndo\al phosphate present is insufficient to 
explain the large mciease m actmt}' observed inth Saccharomyces carls- 
bergensis on prolonged acid hydrolj'sis 
The results obtained with Saccharomyces carlsbergensis aie very similar 
to those already reported ( 6 ), and demonstrate the necessitj for adequate 
hj’^drolj'tic treatment in the detei mination of the ntamin Be content o 

f 

Table III 

Yilamtn Bt Content of Natural Materials after Tanous Hydrolytic Treatments 




PlTidoiamint dihj drochlonde 
prrsm 



Hjdroljtic treatment 

1 est organism 

Substance 

» 

V 

c 

0 

0 

i-i 

4-*- 

VM 

0 

1 

0 

t- 

0 

ti 

z 

Saccharomyces carlshcrgcnsis 

Dried brewers’ jeast 


n 




Wilson’s 1 20 h\ or pow der 



17 0 



Ccrophjl 


15 0 


11 1 

Streptococcus faecahs 

Dried brewers’ jeast 

41 7 


41 3 

39 4 


Wilson’s 1 20 In cr powder 


Irll 

35 5 

387 


Ccrophjl 



5 1 

Hi 


* A water extract prepared bj shaking the sample Bith water in a stoppered grad 
uate, and filtering 

t Sample contaimng approximatelj 2 7 of Mtamin Be autoclaied in ISO co of 
0 055 A HCl for 5 hours at 20 pounds pressure, neutralized, diluted, and filtered 
1 50 mg sample autoclai ed in 10 cc of 1 n NaOH for 30 nunutes at 20 pounds 
pressure, neutralized, diluted, and filtered 

§ 50 mg sample autoclaied in 10 cc of 1 A NaOH for 30 minutes at 20 pounffi 
pressure, neutralized, and diluted to 100 cc 50 cc of this plus 0 28 cc of 10 a HC 
(to make the final acidity 0 055 n) autoclaied for 12 hours at 20 pounds pressure, 
neutralized, diluted, and filtered 

natuial matenals The fact that the \ntarain Be content of an acid- 
hj'diolj'^zed water extract of this sample wms near the maximum obtaine 
by acid hjdrolj'sis of the whole 3'’east shows that the ntamin Be m 
yeast occurs in a water-soluble combined form which is imavailable 0 
Saccharomyces cadsbei gettsis unless h3’'drol3'zed This combined form is 
highl3" active for Sirepiococcus faecahs, as endenced b3’' the high va ues 
obtained for the vitamin Be content of the unh3'drol3"zed 3"east samp e 
The large average deviation leflects the large “dnft” which was a wa3's 
observed in assa3ang the unh3'-drol3'zed sample According to the amoun 
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of sample assayed, the vitaimn Ba content, expressed as pjmdoxamine 
dihydiochlonde, vaned from 20 7 per gm at low levels (0 02 mg ) to 60 
y pel gm at higher levels (0 1 mg ) However, after acid hydrol5^sis the 
“drift” M^as no longei obtained 

The properties of this soluble substance thus far observed are identical 
■with those of pyndoxamine phosphate, descnbed above Both substances 



Fig 1 The rate of liberation of -vitaimn Be by acid hydrolysis from pyridoxal 
phosphate, pyridoxamine phosphate, and a dried yeast, as determined with Sac- 
charomyces carlsbergensts 

are comparatively inactive foi Saccharomyces carlsbergensis and Lacto- 
bacillus casei but are highly active for Streptococcus faecahs, on acid hydrol- 
ysis, both substances are active for Saccharomyces carlsbergensts and 
Streptococcus faecahs, but are inactive for Lactobacillus casei The response 
of Streptococcus faecahs to both substances show s the same charactenstic 
upward “diift” when compaied 'vnth the response to pjTidoxamme 
In Wilson’s 1 20 hver powder and in Cerophjd, a grass product, water 
treatment did not extract this substance On alLah treatment, to which 
both p3mdo\al phosphate and pjmdoxaimne phosphate are stable, the 
same substance, showing high actmty for Streptococcus faecahs but little 
for Saccharomyces carlsbergensts, was extracted from these materials as 
w'ell (Table III) On hydrolysis of the alkahne extract with acid, con- 
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side\able vitamm Be (pyridoxamine), active for both Saccharomyces carls- 
bergensis and S faccaJis, ivas liberated The unhydrolyzed substance 
shoii s, therefore, the same stability to alkali as pyridoxamine phosphate 

It Mill be noted that the vitamin Bo content of imbydiolyzed Wilson’s 
hver povdei obtained by assay iiith S carhbergcims is significantlj higher 
than that obtained w ith S faecahs This is ascribed to the presence of 
some free pyndoxme, vhich is fully active for S carhhcrgcnvs, but is 
inactn e for S faccahs 

Further evidence for the identity of this naturall}’- occurring vitamin Be 
conjugate with pjaidoxamine phosphate is provided bj' a comparison of 
the lates of hjnliolysis of pv ridoxamine phosphate and the rate of hberation 
of vntamm Bo fiom the 3 east sample bj' acid hj'drolv <5is, shorni in Fig 1 
Saccharomyces carlsbcrgcnsis was the tost oigamsra 30 7 samples of pjm- 
do\al or pjnidoxammc phosphate in 10 cc of 0 055 N HCl and 50 mg 
samples of jmast m 180 cc of 0 055 n HCl were autoclaved at 20 pounds 
pressure for the length of time indicated 

Pjnidoxal is libeiated from pj’ndoxal phosphate mucli moie rapidly 
than pjTidoxamme is liberated fiom pjnidoxamine phosphate The rate 
of liberation of pjnndoxamme from pyndovaminc phosphate, however, is 
identical with the late of hberation of vitamm Be from dried jeast 


DISCUSSION 

jMelnick and cowoikcrs (12) recently' concluded that, m addition to 
pyiidoxal, pyridoxamme, and pjnidovine, a fourth umdentified member of 
the vitamin Be group must exist Their evidence consisted chiefly' of the 
following obseiwations (a) The v'ltamm Bo content of yeast following 
hydiolysis with 2 n sulfuric acid was less than the value obtained after 
hydrolysis w ith 0 055 K sulfuric acid Since pyTidoxal, py'ridoxamine, and 
pyuidoxine are stable to 2 n acid, existence of an acid-Iabile form of the 
vitamm appealed probable It has smee been shown that on prolonged 
by droly'sis w ith 2 n acid, maximal v'alues for v'ltamm Bo can be obtained, 
the highei v'alues obtained m short hydiolysis periods with 0 055 n aci 
lesult from the unusual ciicumstance that the low' concentration of aci 
IS a moie effective hydrolydic agent than more concentrated acid for ^ 
natuiallv occurring bound fonn of vitamin Bo (2, 3) (h) The vitamin « 

content of yeast, as deteimmed with Slreptococcas faecahs, which respon s 
only' to py'iidoxal and pv'ndoxannne was liighei than that obtained wi 
Saccharomyces carlsbei gensts, which responds to py'ridoxal, pyridovar^e, 
and py'ndoxnne The existence of a compound with higher actmty or 
S faecahs than for S carlsbergensis theiefore appeared probable 
explanations for obtention of high results w'lth S faecahs by these vror 
can now' be given Perhaps of most importance is the fact that e ^ 



J C EABINOWITZ AND E B SNELL 


649 


tiacts assaj^ed weie not completely ]i3’-diolyzed They theiefore con- 
tained pyndoxamine phosphate, inactive for S carlsbergensts, but active 
for S faecahs, consequently higher lesults veie obtained vith the lattei 
oiganism (c/ the same type of result mth unhydiol3’-zed samples in Tables 
II and III) A contnbutory factor to such lugh lesults nas undoubtedty 
the assay method used with S faecahs The preceding papei (1) descnbes 
vaiious deficiencies encounteied nith this earty method (failure to glow 
if the medium is insufficiently autoclaved or overautoclaved, i espouse to 
stimulatoiy matenals during short incubation periods, etc ), all of which 
would tend to produce erroneously high assa3’- lesults luth natural ma- 
tenals With suitable modification, and with completely h3diolyzed 
samples, values obtained with S faecahs foi the vitamin Be content of 
natiual materials aie uniformly lower than those obtained mth S carls- 
bergensis (1) At piesent, therefoie, no observations aie available vlnch 
require postulation of an additional member of the vitamin Be group for 
their explanation 


SUMMARY 

When heated ivith glutamic acid under appropriate conditions, P3ui- 
do\al phosphate is converted quantitative^ to a substance v Inch appears 
to be pyndoxamine phosphate Tlus conveision is comp]ete]3’’ analogous 
to the known reaction vhich occurs with pyndoxal under similai condi- 
tions (11) 

Like p3uido\al phosphate, pyridoxamme phosphate is much less actn'e 
before than after hydrolysis foi Saccharomyces carlsbei gensis and Lacio- 
bacillus caset However, for Streptococcus faecahs p3Tido\amine phosphate 
IS from 0 7 to 2 times as active before h3'-drolvsis as aftei acid hydiol3"sis 
P3Tidoxamine phosphate is stable m sodium h3"dro\ide at 120° foi 5 hour‘s 
Acid hydrolysis of pyridoxamine phosphate liberates p3'ndo\amine, iindei 
the conditions tested, this hydrotysis occurs more slowB’- than that of 
P3Tido\al phosphate 

A substance was found in diied 3’’east, liver powdei, and a dried grass 
with piopeities similar in all respects to those of p3mdo\amine phosphate 
It occurs free in the dried 3'^east, since its piesence can be demonstiated m 
a cold w ater extract of the sample It may be extracted from In cr and 
grass powders by treatment with alkah, which leleases the phosphor3 lated 
vitamin without h3’^drolyzing it On h3'^drol3’’Sis with weak acid, iitamin 
Be IS hberated from diied yeast at a rate identical with the release of 
P3iidoxaimne from pyndoxamine phosphate This is considered further 
evidence for the identity of the major portion of the vitamin piesent with 
pyndoxamine phosphate 
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STUDIES ON PHENYLPYRUVIC OLIGOPHRENIA^ 

THE POSITION OF THE METABOLIC ERROR 
By GEORGE A JERVIS 

{From the Research Department, Letchworth Village, Neio York Stale Department 
of Mental Hygiene, Thiells) 

(Received for publication, March 12, 1947) 

Phenylpyruvic oligophrenia is a disease charactenzed chmcally by 
mental defect and biochemically by the presence in the unne of phen- 
ylpjo-Tivic acid (1-3) and phenylalamne (4, 5) In addition, abnormally 
high amounts of phenylalamne are found in the blood (4, 6) 

Although there is little doubt that the condition is an erior of metabo- 
lism of phenylalanine, which is mbom and mhented as a recessive Mende- 
han character (7, 8), the exact nature of the metabolic abnormality is 
stiU imperfectly known It was the purpose of the investigation here 
reported to determine at what stage in the metabolic pathway of phen- 
ylalanine the error occurs 

Evidence ivill be piesented which mdicates that m the fasting normal 
organism the ingestion of phenylalamne is followed by a significant increase 
of substances in the blood giving a Millon reaction, while m patients 
suffenng from phenylpyruvic oligophrema no mcrease takes place 

This finding seems to mdicate that the metabolic erior which is at the 
base of phenjdpyruvic oligophrema hes in the mabihty normally to brmg 
about the hydroxylation of phenylalamne 

EXPERIMENTAL 

Adult rabbits, w eighing from 2 to 3 kilos, and adult cats, weighing from 
3 to 4 kilos, were used as experimental ammals All ammals were kept 
fasting for 36 hours before and durmg the expenment 

The following substances were given bj'^ stomach tube DL-phenjdalamne 
CWmthrop), L-t 3 ’Tosine (Merck), and phenylpyruvic acid The dose was 
0 5 gra per kilo of body weight Tyrosme was neutrahzed wth sodium 
hydi oxide, phensdalamne and phenjdpjTuvic acid vere dissohed m 
adequate amounts of hot water and fed as acids Blood v as obtained bj 
cardiac puncture immediatelj' before the mgestion of the compound and 
at hourlj intervals thereafter 

The human subjects were adult normal mdinduals and patients suffenng 
from phenjdpyrunc ohgophrema They nere kept fastmg 15 hours 
befoie and duimg the expenment DL-Phenjdalamne (W^'mlhrop), l- 

* Aided bj a grant from Child Neurologj Research (Fnedsan Foundation) 
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tyiosine (Merck), and phenylpyru\nc acid ^\cre given by mouth The 
dose was 5 gra , the subjects n cighed fiom GO to 80 lalos In three patients 
who n ei c childi en , u ciglimg fi om 20 to 30 kilos, the dose u as 4 gm Finallj 
as a fiuther control, gl^Tine was fed m a dose of 10 gm to normal indmd- 
uals and to patients in oider to determine whetlier an increase in Jlillon- 
leacting substances ooulrl be obtained Blood was obtained by lem- 
puncture at the fasting level and at half hour intervals for the first 2 hours 
followong the ingestion of the compound, then at houil}' intervals 

In each sample of blood fiom both expenmen tal ammals and human 
subjects, the Millon leaction was perfoimed according to the directions 
of Bcrnhait and Schneidei (9) 63”^ means of a IQett-Suinmcrsou electro- 
photometci with Filtei 54 All values ire expressed in mg of tjTosme 
pel 100 cc of blood 


Table I 


Mtllon Rcachon in Blood of Animofs FoJtoinap Ingestion of OL-Phcnylalantnc 



Tasting 

1 hr 

2 hrs 

1 3 hrs 

4 hrs 

5 hrs 


m{ percent 

mg per cent 

^ mg per cent 

ms per eeiil 

mg pet cent 

ms per eat 

Rabbit 1 

1 10 

3 75 

3 93 

3 57 

3 39 

1 83 

” 2 

1 34 

4 15 

5 71 

3 54 

3 67 


" 3 

1 43 

4 20 

3 93 i 

3 39 j 

2 70 

2 76 

“ 4 

1 87 

4 00 

0 23 

6 71 j 

4 40 


Cat 1 

4 82 

10 17 

9 37 

7 85 


4 So 

“ 2 

3 13 

5 70 

5 70 

0 53 

5 IS i 


“ 3 

3 05 

6 71 

7 23 

0 21 

4 14 i 

3 SO 

" 4 j 

3 02 1 

3 92 

7 78 

5 00 

4 46 j 







I 


Samples of the phenjdalanine and phenylp3'iuvuc acid used m the ex- 
peiiments weie tested foi Millon-reactmg substances wuth negative lesults 

Results 

Table I shows the effect of the ingestion of DL-phen 3 daIanme upon the 
MiUon-ieacting substances of the blood in cats and labbits -^1 increase 
of tyiosme-like substance is clearl 3 ^ seen in cv'cij" instance aftei 30 minutes, 
which leaches a maximum in 1 to 2 houis and declines theieaftei 

Table II shows inci eases of Millon-ieactmg substances in the bloo 0^ 
twm labbits aftei the feedmg of phen3dp3'^ruvuc acid Tliere is a c 0 
similaiity between the curves obtained following ingestion of phenyaa 
nine and phenylpyruvic acid ^ 

Table II show^s also the effect of the ingestion of tyiosine upo 
Millon-reactmg substances in the blood of the cat and rabbit As w a 
be expected, maiked increases weie noted 






G A JEHTTS 


653 


In Table III the lesults of feeding phenylalanine to normal human 
subjects aie lepoited It mil be seen that these figures are in accord 
with those obtained in e\peumental ammals An increase of Millon- 
leactmg substances, -tthich reaches a maximum m about 2 hours, was 
observed in every mstance 

Table IV shows the effect of feedmg phenjdalanme to ten patients 
afihcted mth phenylpjTuvic oligophrenia The results are clear cut 


Table II 


Millon Reaclton in Blood of Animals Following Ingestion of Phenylpyruvic Acid and 

h-Tyrostne 



1 

Fasting 

ihr j 

2 hrs ^ 

3 hrs ^ 

4 his 

5 hrs 



mg per 
cent 

mg per 
cent 

mg per 
cent 

mg per 
cent 


mg per 
cet t 

Phen} Ipyruvic acid 

Rabbit 1 

1 78 

5 02 

7 48 



3 02 


'• 2 

1 96 

4 19 

2 67 



2 07 

Tyrosine 

ti 1 

1 87 

11 60 

15 17 

13 39 

10 35 

4 14 


Cat 1 

4 46 

24 10 

12 70 

6 76 

4 14 

' 4 10 


Table III 

Millon Reaction in Blood of Normal Human Subjects Following Ingestion of 

Dh-Phenylalantne 


Subject 

1 Fasting 

J hr 

Ihr 

IJbrs 

2 hrs I 

3 hrs 

4 hrs 

5 hrs 


mg per 
Cent 

mg per 
cent 

mg per 
cent 

mg per 
cent i 

mg Per \ 
cent 

mg Per 
cent 

mg per 
cent 

mg per 
cent 

G C 

mm 

2 07 

2 14 

2 23 

1 96 

1 62 

1 58 


w w 

ns 

1 34 

1 46 

1 54 


1 70 

1 61 

1 34 

C D 

1 78 1 

2 41 

2 77 

2 77 


1 96 

1 87 

1 69 

A S 

1 03 

1 52 

1 87 

1 96 

2 77 

2 23 

1 87 


F P 

0 98 

1 42 


1 96 

1 69 

1 78 

1 42 


G W 

0 80 

1 16 

1 42 

1 51 

1 27 

1 16 

1 03 


Average 

1 09 

1 65 

1 96 

1 99 

2 04 

1 74 

1 56 



In no instance w’’as there obsen'-ed a sigmficant increase of A'lillon-reactmg 
substances 

As IS seen in Table V, following mgestion of phenj lp3 ruMC acid, m a 
normal control theie was an increase of Millon-reactmg substances, while 
m a patient no mcrease was noted 

In Table VI are reported the values of IMillon-reactmg substances m 
the blood of both normal and phen3*lp3TUMC indinduals following the 
mgestion of 5 gm of t3wosme The mcreases obsen ed in normal indiMd- 
uals confirm the results pubhshed by Bemhart and Schneider (9) It 
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can be seen that there is no significant difference in this respect between 
normal subjects and patients 


T^blc IV 


Millon Reaction xn Blood of Paticnti Following Ingestion of tyh-Phenylalamnc 


Patient 

Fasting 

* hr 

1 hr 

IJ liri 

2 hrs 

3 hrs 

4 his 

S hrs 


tn£ per 

tns Per 

ms Per 

ms per 

n? per 

ms per 

me per 

ms per 


cent 

cent 

cent 

cent 

Cent 

cent 

cent 

cent 

J s 

0 98 

0 88 

0 88 

0 98 

0 88 

0 88 

0 88 


R G 

mEM 

0 88 

0 80 

0 88 

0 80 

0 88 

0 88 

m 

W K 

KM 

0 98 

0 88 

0 88 

0 88 

0 SO 


igi 

E A 

0 98 

0 98 

1 03 

0 98 

1 03 

1 1C 

MSI 


A D 

1 27 

1 IG 

1 16 

1 10 

1 03 

1 03 



I B 

0 88 

0 88 

0 88 

0 88 

0 88 

0 88 

0 88 

0 9S 

L F 

0 98 

0 88 

0 88 

0 98 

0 98 

0 88 

0 88 

088 

W E 


0 88 

0 80 

0 88 

0 88 

0 88 

mm 


B C 

0 71 


0 71 

0 80 

0 SO 

0 80 



R K 



0 SO 

0 SO 

0 88 

0 SS 



Average 



0 88 

0 92 

0 90 

0 91 

0 88 



Table V 

Mxllon Reaction in Blood of Normal Hitman Subject and Patient Following Ingestion 

of Phenylpyruvic acid 



lasting 

} hr 

1 hr 

1} hts 

2 hrs 

1 hrs j 

this 

Control, F P 
Patient, B C 

per 

cent 

0 88 

0 SO 

ms per 
cent 

1 04 

0 80 

ms per 
cent 

1 04 

0 72 


ms per 
cent 

1 9G 

0 80 

pt' 

cent 

1 34 

0 71 



Table VI 

Millon Reaction in Blood of Normal Human Subject and Patients Following Ingotion 

of ij-Tyrosinc ^ 



Fasting 

}hr 

1 hr 

hrs 

2 hrs 

3 hrs 

4 hrs 

5 hrs 

Control, L 0 
Patient, B C 
“ W C 

ms per 
cent 

1 50 

1 16 

1 33 

mg per 
cent 

4 19 

7 20 

3 92 

m s Per ' 
cent 

6 42 

6 78 

5 24 

ms per 
cent 

6 35 

5 30 

5 53 

ens per 
cent 

4 82 

3 75 

6 SO 

ms 

cent 

4 64 

3 31 

5 26 

ms P" 

cent 

4 10 

2 50 

4 14 

ms pt' 

cent 

1 69 

3 38 


The feeding of glycine lesulted in no inciease of Millon-ieactmg sub 
stance in the blood of either noimal or phenylpynmc individiia s 
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Comment 

The demonstration that m the fastmg normal ammal and human subject 
the ingestion of phenjdalanme is followed by an increase of MiUon-ieacting 
substances is m accord mth and m confirmation of the cunent theoij’^ 
that phen3dalanme is noimall}’^ catabolized through tyrosine 
In e\penments, n hich are not reported in detail here, it could be demon- 
strated that the intravenous admnustration of phenjdalamne to labbits 
is followed also by increases of the tjnosme-hke substance m the blood 
This nould indicate that the mcreases are not due to changes occuirmg 
in the gastromtestinal canal 

That the feeding of phenjdpyruvic acid lesults also m increased Millon 
yalues of the blood can be evplamed leadily, on the basis of the finding 
pienously reported (6), that the organism is able to ammate this keto 
acid to form phenylalamne 

In the present expenments, it would have been desirable to isolate 
from the blood the t3nosme or the substance gi\ung the Millon leaction, 
but the isolation of such small quantities mvolves teclmical difficulties 
which could not be oveicorae It could be pioved, howevei, that the 
substance which was responsible for the mcrease of the Millon leaction 
was not extracted by ethei and w'as, therefore, not p-h3 droxyphenyl- 
lactic or ?i-hydroxyphenylpyruvic acid 
The demonstration that hydrox-ylatiou of phen3'lalanme m the para 
position can be measured m the normal subject offers a method b3'’ w hich 
this metabolic step can be investigated m phenylpyruvic ohgophrema 
The position of the metabohc block of phenylalanme m this disease is not 
known Foiling et al (8) advanced the hypothesis that the enor consists 
m an abnormal racemization of phenylalamne, the natuiall3'' occuinng 
h form bemg converted by the diseased oigamsm mto the n foim which is 
subsequently deammated in the kidney and excreted as phenylpyrunc 
acid They were unable, howevei, to substantiate this h3q>othesis h3'’ 
finding the n isomer m the blood of patients 
Penrose and Quastel (10) claimed that the error is to be found m a block 
at the stage of phenylp3Tiivic acid, the patient being imable to bieak 
down the benzene nng of this keto acid Hownver, the piesence of phen- 
ylalanine and the absence of phenylp3'Tuxac acid m the blood of patients, 
togethei wath the abiht3’' of the patients to ammate phen3'lp3Timc acid 
(6), are findings which cannot be explamed by this hMiothesis 
The data here presented, showmg that no mcrease of IMillon-reactmg 
substances occurs m the blood of patients on admmistration of phen3 lala- 
nme, indicate that the organism of the patient is unable nonnall3 to 
bring about the h3^droxylation of phen3dalanine It seems, theref ■ 
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that the biochemical eiror winch ib at the basis of phenylpyruvic oLgo- 
phrema consists of a block in the conveision of phenylalanme mto tyrosme 
The finding that there is no sigmficant difference between normal 
subjects and patients in then abihty to dispose of tyrosme appears to 
indicate that the eiior is limited to the first stage of the metabolism of 
phenylalamne 


suAmAia 

Evidence is piesented winch mdicates that m the normal fastmg organ- 
ism the mgestion of phenylalanme oi of phenylp3'ruvic acid is followed by 
a significant mciease of hlillon-ieacting substance m the blood In pa 
tients suffeiing from phcnydpyiuvic oligophrenia, no mciease of Millon 
leactmg substance is obsen^cd It is, therefore, concluded that the 
biochemical eiioi which is at the base of phenylpyruvic oligophrema 
consists of a block m the normallj occurnng process of hydroxjdation of 
phenjdalanme m the para position 
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AN ELECTROPHORETIC STUDY OF PLASIVIA AND PLASMA 
FRACTIONS OF NORMAL AND INJURED RATS=^ 

By ERLAND C GJESSING \nd ALFRED CHANUTIN 
With the Technical Assistalce of Cuims S Floid 

{From the Biochemical Laboratory, University of Virginia, Charlottesville) 
(Received for publication, May 15, 1947) 

The de\elopment of the electrophoietic piocedure has led a number of 
mvestigators to study the distribution of rat plasma piotems by this 
method Rat serum oi plasma does not yield the distmct patterns that 
are obtained with human plasma Mooie, Levm, and Leathern (1) could 
not obsen e the a-globulin fraction in normal rat serum dialj-^zed against 
phosphate buffer at pH 7 4 Aftei hypophysectomy (1) and thjuoid- 
ectomy or thiouracil feedmg m rats (2), the a-globuhn appealed in the 
serum (pH 7 4) When normal rat serum was e\ammed at pH 8 5, the 
a-globulin component was seen Deutsch and Goodloe (3) found no 
distinct component m the legion of the a-globuhn at pH 8 6 Although 
fi\e components have been described (1, 4), the boiindaiies are too in- 
distinct for accurate analj sis 

Expel lences with the electrophoretic analysis of normal lat plasma in 
this laboiatory were unsatisfactoiy and were similai to those of other 
mv estigators In order to study the protein components more thoroughly, 
fiactionation was imdertaken according to the piocedures recommended 
by Cohn and his associates (5) The piesent imestigation is concerned 
mth the analyses of u hole and fractionated plasma obtained from noi mal 
and injured lats 


Methods 

Inbred male rats of Wistar stock, about 70 days old and weighing be- 
tween 150 and 200 gm , veie used as expeiimental aiumals About one- 
thud of the body surface was burned bj dipping the clipped back of the 
anesthetized lat in hot uater at 75° for 40 seconds These animals had 
access to food and watei and uere saciificed at ^ an ing periods after being 
scalded The animals were anesthetized uith sodium pentobarbital and 
verc e\sangumated by diavung blood from the aorta into a tube contam- 
mg hepann 

Plasma was diluted vith 1 5 parts of leional buffer (r/2, 0 1) at pH 8 6 

* This vork vas done under contract Tilth the Medical Division of the Chemical 
Corps 
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and dialjzed against the bufTcr foi 3 or 4 dajs The electrophoretic 
expeiiments T\eie done m a Tiselius appaiatus at 20° bj moans of th? 
scanning method of Longswoith (G) The concentrations of the lanoib 
piotein fiactions weic estimated from the patterns of the ascending side 

liciulh 

Diagram 1 outlines the procednics used for fractionation of rat plasma 
The extent of the fractionation nas limited by the amount of plasma 
a\ ailablc (00 to 70 ml ) The foui mam fr.ictions obtained were Fraction 
I. II + III, IV-4, and V 


Diagpam 1 


Fraction 


Fractioiiahon of Hat Plasma 
l{ It iiinsni i 


Diluted with equal \olumc of 
0 S5% NaCl, ethanol S%, 
pll 7 20, r/2, 0 125 

Supernatant 


r"' ' • ' ' ■ . . , 

I 

— J — 

Ethanol 20^, pB 
7 0,r/2,0« 

II + III 

Ethanol 40%, pH 


5 7, r/2, 009 


(KaCl) ^ 

IV -3, 4 

Ethanol 40%, pH 


5 


V DiscarJ 

All fractious were centrifuged ut —5® for -lO niinufcs at 5000 n r^t 


Pi-eliminaij expenmentb showed tint the dilution cf phsma withO^^ 
pel cent NaCl is an impoitant initial step This dilution not onl) 
a laiger volume for manipulation but the subsequent fiactionationisn'^^ 
satisfactory The ionic stiength mamtamed with NaCl is mom 
tory than with sodium acetate If the ionic strength of Supem-tt’ 
II + III IS increased aboie 0 09, the proteins of Fi action lV-4 bcco^^^ 
insoluble Evidently an ionic strength greater than 0 09 -it an aljo ^ 
concentiation of 40 per cent causes some denaturntion of one of tne 
globulms W'hich is present m Fi action IV-4 

Mohthly Dafa— The mobilities of the larious components 
m Table I The data are deteimmed in whole plasma and its fm*^ 
control and injured lats The results indicate that the values for ^ 
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Table I 

Mean Values and Standard Errors for Mobiltbes of Proteins of Whole Plasma and 

Fractions 



Albumin 

ai 

a% 

p 


7 

Ascending 

Plasma 

6 6 ± 0 05 



3 8 

3 3 ± 0 04' 

2 2 ± 0 06 

Fraction 

6 8 ± 0 07 



3 8±0 04 


2 6 rt: 0 06 

II + III 
Fraction 

6 8 d: 0 05 

6 0±0 04 




2 5 ± 0 10 

IV-4 

Fraction V 


6 9 =b 0 05 





Descending 






2 6 ± 0 07 

1 9 

Fraction 






2 3 ± 0 03 

11 + III 
Fraction 




mii 



rv-4 

Fraction V 

1 

6 3 i 0 14' 



3 1 ±0 04 




Table II 


Electrophoretic Analyses of Rat Plasma and Sera 


Kim No 

Treatment 

Days after 
injury 

Per cent diitnbution 

; Albunun 

“1 

aj 

1 P ^ 

T 

102* 

Normal 


42 

29 

5 

i» 

6 

105 

ft 


44 

24 

8 

21 

3 

78 

li 


i 45 

26 


20 

9 

84 

Burned 

\ 

40 

28 

5 

21 

6 

120 

(( 

X 

3 

33 

24 

10 

33 

85 

(( 

1 

3. 

4 

38t 

25 

1 12 

25 

75 

ff 

1 

52 

1 16 

29 

3 

103* 

tt 

1 

36 1 

23 

13 

22 

6 

103 

tt 

1 

32 

21 

11 

29 

7 

43 

It 

2 

27 

25 

10 ' 

38 

74 

it 

3 

62 

18 ’ 

30 

48 

tt 

4 

24 j 

29 i 

15 

32 

76 

II 

5 

50 

15 

35 


* Serum 

t Descending boundary 


component are the same regardless of method"' of fractionation Ihe 
values for the descendmg boundaries are loner than those of the ascending 
boundaries, as is to be expected 
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Eleciropliorettc Analysis — ^The electrophoretic analyses of plasma and 
serum and Fractions 11 + III, IV-4, and V are shonm in Tables II to Vfor 
control and injured amraals Patterns for Fi action I Mere impossible 
to obtain 

The plasma of control rats is composed chiefly of albumm and oi- and 
/3-globuhns After the animal is burned, the percentage distribution of 
albumm decreases and the arglobulm mcreases A study of whole rat 
plasma giies a rough approximation of the distribution of the protein 
components 


Table III 


Electrophorclic Analyses of Fraction II + III 


Huo 

No 

Trealmcnl 

Dajs after 
injurj 

Albumm 

at 

at 

a 

B 


fi-r 

44 

Normal 


per cent 

2 

per cent 

i 

per cent 

14 

per cent 

11 

per cent 

5i 

0 26 

0 20 

46 

If 


9 

17 

11 

20 

43 

0 25 

0 46 

49 

If 


7 

14 

14 

12 

63 

0 26 

0 22 

135 

If 


5 

15 

8 

17 

65 

0 15 

0 31 

120 

Burned 

i 

s 

24 

18 

28 

22 

0 82 

1 27 

75 

ft 

1 

7* 

22 

28 

17 


1 OS 

065 

67 

If 

3 

5 

20 

29 

30 


1 80 

1 87 

66 

If 

3 

8 

16 

22 

28 


0 84 

1 07 

74 

ff 

3 

2 

24 

21 

30 


0 91 

1 30 

58 

i 

4 

0 

22 

28 

30 

14 

2 00 

2 14 

67 

( 

4 

7 

21 

19 

30 

23 

0 82 


76 

If 

5 

4 

15 

22 

37 

22 

1 00 


77 

ft 

5 

6 

17 

21 

37 

19 


1 in 


* Descending boundarj 


Fraction I is composed chiefh' of fibrinogen which on standmg is con 
■verted to fibim E'xLiacts of this fiaction with barbituiate biifier were 
studied electrophoreticalh and it w as found that about 60 per cent of t le 
soluble mateiial was a-globulin and the remainder was albumin an p 
globulin The a-globuhn piesent causes a marked turbidity If f 
protem is not remoied, the lemaming fractions are fieqiiently too tur 
for electrophoresis , 

The analyses of Fiaction II + III of the plasma of control and burne 
rats aie shown m Table III and the electrophoretic patterns are presen e ^ 
m Fig 1 This fraction shows outstanding changes after the anima 
burned The percentage distribution then mdicates that the 
components mcrease almost immediatelv (12 hours) and the 


concentiation decreases rather markedly 
the as 7 and /3 7 ratios 


These changes are 



















NORMAL 

CONTROL 


^ Q/QlA 






BURNED WITH HOT WATER-75“ 40SEC 

pazOifK 


y ^CtC/A 


ft 


A OjA 



PLASMA n+m 12-4 2 : 

Fig 1 Typical electrophoretic patterns for the plasma and plasma fractions of 
control and scalded rats 


Table IV 


Eleclrophorehc Analyses of Fraction IV-4 


Run No 

Treatment 

Days after 
injury 

Albumin 

ai 

cn 

P 

7 




ptr cent 

per cent 

Per cent 

per cent 

per cent 

44 

Normal 


13 

56 

9 

14 

8 

46 

ti 


21 

53 

9 


5 

49 

(( 


11 

59 

12 

1 

7 

135 

It 


16 

48 

10 

17 

9 

55 

Burned 

1 

13 

56 

15 

16 

75 

tl 

1 

19* 

49 

15 

16 

56 

tf 

2 


55 

18 

16 

53 

tt 

3 

5 

53 

23 

14 

3 

57 


3 

8 

46 

26 

15 

4 

74 

tl ^ 

3 

11 

37 

24 

27 

58 

ft 

4 

8 

49 

19 

19 

5 

67 

tt 

4 

9 

44 

25 

15 

7 

76 

ft 

5 

16 

51 

13 



77 

tt 

5 

18 

49 

14 

19 


71 

tt 

6 

12 

44 

15 

20 

9 


Descending boundary 
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The data foi Fi action IV-4 (Table IV and Fig 1) show no outstanding 
changes m distnbution of its components after burmng The concen- 

Table V 


Eleclrophoreltc Analyses of Frachon V 


Run No 

Treatment 

Dajs after 
injuo 

Albumin 

1 

ai 1 

1 

1 

<ri 1 

(J 




per cent 

per cent 

per cent 


44 

Normal 


78 

14 

3 


46 

! 


69 

18 

4 


47 

li 


68* 

26 



49 

<< 


71* 

19 

5 


78 

ft 


06 

23 



101 

<1 


70 

20 


55 

Burned 

1 

6S 

21 

11 

56 

it 

2 

74 

15 

11 

66 

f ( 

3 

62 

27 i 

11 

74 

tl 

3 

05* 

22 


13 

67 

<< 

4 

64 

25 


11 

76 

t 

5 i 

72 

18 


10 

77 

It 

5 

69 

22 


9 


* Descending boundarj 


Diagram 2 


Procedures for Rcmoung Globulins from Fraction V 


Fraction V dissolved m 10 times its weight of H 0 


Ethanol 14%, 
pH 4 3. -5 0” 

Fraction 


V-1 


V-2 

Fraction V is easilj soluble in H 0 It is brought to a concentration of 14 P®f 
cent w ith 63 3 per cent ethanol and pH 4 3 with acetate buffer and the resulting precipi 
tate is immediately removed by centnfuging The ethanol coneentratioiyj up 
natant V-1 is then raised to 40 per cent wnth 95 per cent ethanol and the pH is rai 
to 4 8 with NaHCOj The precipitate is immediately removed bj centn uging 


Supernatant 

VA 

1 

Ethanol 40%, 
pH 4 8 


tiation of 02 -globuhn tends to inciease soniew'liat during the first 


3 dajs 


after burning 

No characteristic changes in 


the distnbution of the Fraction A com 
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ponents (Table V and Fig 1) are seen after theimal injuiy This fraction 
IS characteiized by the presence of appieciable amounts of ai- and |3-glo- 
bulins These globulins may be lemoAed by tieatmg Fraction V ac- 
cordmg to the procedures outlined m Diagram 2 The patterns for 

h 



Fig 2 Electrophoretic patterns after the subfractionation of Fraction V 

Tabu: VI 


Nitrogen Distribution of Plasma Components 


Fraction 

No 

Run 
No , 

Treatment I 

Days after 
injury 

N per lOo ml plasma 

Albumm 

ai 

Cft 

P 

7 


1 

1 


ms 

ms ' 

ms 

ms 

ms 

II + III 

46 

•’Normal 


18 

33 

21 

39 

84 


74 

Burned 


3 

39 

34 ' 

49 

38 


76 

it 


6 

23 

35 ! 

59 

35 


77 ! 

ft 


13 

37 

45 

80 

41 

IV 4 

46 

Normal 


43 

110 

19 

21 

10 


55 

Burned 


36 

153 

41 

44 


74 

tf 

3 

35 

120 

77 

86 


76 

fl 

5 

47 

151 

39 

59 


77 

ft ' 

5 

55 

149 ! 

42 ! 

58 

V 

46 

Normal 


168 

54 1 

17 

1 


137 

(( 


242 

77 

26 

i 15 


55 

Burned 

1 

56 

17 

10 



74 

ft 

3 

123 

41 

25 



76 1 

ft 

5 

172 

43 

24 



77 ' 

" ! 

5 

139 

i 44 

1 

18 



Fractions V-1 and V-2 are superimposed on each other by usmg the sa’ 
effect as a pomt of reference (Fig 2) It is obvious ' t 

almost electrophoietically pure is obtamed by t ' > 

Data for the mtrogen distribution of the cr 
aie given in Table VI Although the data ai 
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follow the general trend shott’n the percentage distributions of the 
components in each fraction The mciease m the mtrogen concentration 
oi «»- and jS-globulins and the decrease in the 7 -globulin aie once moie 
appaient m Fraction II + III after theimal injuij’’ An increase in ar, 
/3-, and 7 -globulins is obsen ed in Fi action IV-4 The deciease in albumin 
in Fraction V is a characteiistic finding foi the lat and othei species 
The mean \alues foi the mtiogen contents of three fi actions obtained 
from control and burned lats are shown in Table tTI The data foi the 
burned lats include all values obtamed during the first 5 days’aftei buin- 
mg Aftei injury significant decreases are seen foi Fractions. II + HI 
and V 


Tabue VII 

Yields 0 / Fradtons tn Mg of N Per 100 Ml of Plasma 



Fraction 

Fraction lV-1 

j Fraction V 

I (» 


n + in 

w 

m 


Normal (8 rats) 

195 ± 5 

233 d: 13 

317 d:15 


Burned (18 “ ) 

140* ± 10 

274 dj 13 

173* d: IG 



* Significantly different 


DISCUSSION 

Electrophoretic patterns of normal lat plasma usuallj shon tno distinct 
boundaries n Inch ha% e considei able spreading The tw 0 main components 
are classified as albumin and globulms Aftei fractionation of plasim, 
the boundaries ot the components become clearly defined These ncii 
boundaries are striking in the three fiactions studied, particulailv m 
Fraction II + III 

It Mould appear that the piotems of rat plasma exist as complexes nhich 
aie easiljf split by the gentle treatment used in these fiactionation pro 
cedures The factois lesponsible for the close association of these com- 
ponents aie not influenced by the electiical forces inherent in the electro- 
phoretic method It is planned to examine mixtures of these fractions 
to deteimme nhether association of the various components mil occur 

The increases in the a- and ^-globulins and decreases of albumin an 
7 -globulin aftei thermal injuiy in the rat are similai to those obtained m 
the dog The diffeiences in the patterns foi Fraction II -f HI 
control and injuied animals are so charactenstic that it is possible to clas 
sify them by xusual inspection These charactenstic “mjurj'” patterns 0 
Fraction II •+■ III aie also obsenmd after administration of turpentine 
and of adrenal cortical hormones ' 

^ GjeBsing, E C , and Chamitm, A , unpublished data 
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SUMJIAEY 

A procedure is outlined foi fiactionatmg lat plasma mto four portions 
by means of ethanol at low tempeiatuies Fiactionation makes it possible 
to obtain reasonably accurate analj'ses for the distribution of the protein 
components 

Mobihtj' data obtained fiom electrophoretic patterns of the components 
of lat plasma and its fractions aie piesented for the ascendmg and descend- 
ing boundaiies 

The electiophoietic analyses for the plasma and fractions of control 
and burned rats are given Thermal injuiy gives rise to an mcrease in the 
concentrations of a- and /3-globulins and a decrease in the 7 -globuhn and 
albumin 
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AN AUTOMATIC APPAEATUS FOR THE DETERMINATION OF 
OXYGEN CONSUMPTION=^ 

Bt peter R MORRISON 

{From the Btologtcal Laboratories, Harvard University, Cambridge) 
(Received for publication, April 19, 1947) 

Respirometers have been m use since the earliest days of physiology and 
an almost mfimte variety of types have been described ^ There exists 
at present, hovever, no simple flexible appaiatus which will follow the 
changes m oxygen consumption over any consideiable period of time with- 
out requirmg laborious attendance This lack greatly discourages the 
collection of any large mass of data on oxygen consumption or the routme 
use of oxygen consumption as a control or as a measuie of gross metabolism 
and thus activity 

The apparatus here dcsciibed was developed for a study of oxygen con- 
sumption m small mammals during 24 houi periods and possesses the follow- 
ing attiibutes (1) it is almost completely automatic, lequirmg attention 
only at 6 to 12 hour mteivals, (2) oxj^gen consumption is measured durmg 
a succession of periods which may be as short as 5 to 10 mmutes or as long 
as desired, (3) the amount of oxygen consumed m each measured peiiod 
may be quicldy changed to accomodate different sized animals oi to change 
the length of the period, (4) operation, calibration, and calculation aie 
quick and simple , (5) except foi a few simply constructed parts it may be 
assembled fiom standard equipment Its practical utihty has been 
demonstrated m studies which have mcluded more than 75 runs on some 
ten species of mammals (Morrison and Pearson (6)^) By means of this 
apparatus the aveiage basal metabolism of the white mouse (Svuss stiam, 
average weight 21 gm , acclimated to 22-24° and measuied at 28 6°) was 
determined to be 7 5 calories pei gm hour This compares mth a allies 
of 8 3 (Benedict and Fox (7)), 7 4 (Ebelmg and Corey (8)), 7 5 (Davis and 
van Dyke (9)), 6 8 (Blank (10)), and 7 1 calories pei gm hour (Benedict 
and Lee (11)) reported by other authois Although designed foi small 
animals and applied to a particulai closed circuit sj^stem, the automatic 
and lecordmg features aie adaptable to any size of apparatus and to other 
types, includmg those modified foi measurement of carbon dioxide produc- 
tion at longer intervals 

* This study has been assisted by a grant from the Ella Sachs Plotz Foundation 

' For descriptions of various respirometers see, for example, Elrogh (1), Benedict 
(2-4), and Brody (5) 

^ Morrison, P R , unpublished work Pearson, O P , Ecology, 28, 127 (1947) 
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Principle 

A closed sj-stem is maintained at constant pressure by means of a deli- 
cately balanced spiiometei iihich descends as oxygen is consumed The 
carbon dioxide produced is absoibed on soda lime m the chamber itself 
and, for small animals, convection and diffusion proMde adequate cir- 
culation The excui-sion of the spii ometei is limited by ti\ o pairs of electn- 
cal contacts These act through a lelaj' S3 stem to control a gas-tight 
solenoid vahe vliich is mterposed between the spirometer and a lesenoir 
of oxygen and which allows automatic refillmg of the spirometer 

The sequence of eients m each c3clc is as follows ( 1 ) 0x3 gen is con- 
sumed, and the spiiometei decends, (2) the Xo 1 (lower) contacts “mahe,” 
and the solenoid lahe opens, (3) o\3'gen flows, and the spirometer rises, 

( 4 ) the Xo 2 (uppei) contacts “make,” and the solenoid aahe closes, 

( 5 ) 0x3 gen IS consumed, the spiiometei descends, and the Xo 2 contacts 
“break” The time inten al between the make of the Xo 1 contacts and 
the break of the Xo 2 pan is lecoided on a mo\ ing paper strip An clcctnc 
timer records appropiiate intcn als on the same stiip The rate of ox3"gen 
consumption for an3' peiiod is computed fiom the a olume of the spirometer 
between contacts and the time taken to consume this a olume, 1 c , from 
the distance between raaiks on the lecord With succcssne i allies a 
continuous cune desciibing the late of 0x3 gen consumption ns a function 
of time ma3’’ be plotted 

The success of this apparatus denies m pait fioni the fact that time, s 
quantit3’’ which is easib’’ measuied with great precision, is the dependent 
laiiable and the 1 olume consumed is fixed This piinciple has been 
applied b3'’ Benedict ( 2 , 3 ) to non-automatic types of respiiometers Le"is 
and Luck ( 12 ) hai e described an appaiatus with a similai basic principle m 
ivhich an automatic siphon airangement was empfo3'ed to meter successiio 
volumes of 0X3"gen Werthessen ( 13 ) has also described a quite elaborate 
automatic apparatus for this puipose which supplied ox3fgen electrolvticalty 
and embodied a recordmg ammeter 

Desenphon 

A schematic plan of the appaiatus IS shown m Fig 1 The chamber and 
all removable connections were submerged m a large themostated water 
bath to pi ex ent leaks and fluctuations m temperature Under this positi'J^ 
water pressure an3'^ leak is immediately manifest b3'^ the presence 
water inside the S3 stem The spirometer and its bath aie mounted a oie 
the large bath and ma3’^ be enclosed w ith it for pi otection against mecbanica 
in]Ui3’' and temperature changes Altemativety the spirometer bat 1 mi) 
be mounted directly m the large thermostated bath, although tempera u 
X aiiation here is much less important than m the chambei itself - c an 
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of 3° IS needed to mtroduee a 1 per cent error, while a change of only 0 1- 
0 2° in the tcmpeiatiue of the much larger chamber duiing a single measur- 
ing pciiod uill introduce a like eiioi 

\ glass-lmed brass chamber of 1 litei volume was generally used, but the 
dome-shaped top of a i acuum desiccator made a convenient and available 
substitute The glass coa er or base a\ as sealed to the chamber with petrola- 
tum, uhich uas quite satisfactory at these temperatures (up to 30°) and 
vas much easier to lemoae and clean than stiffcr lubricants In addition 
to the spirometer connection another outlet was provided for samplmg 



Fig 1 A schematic diagram of the apparatus The cross-hatched area represents 
a layer of lead to make the closed chamber heavier than water The trap (T) is 
grossly out of proportion, having an actual volume of only 10 to 20 cc Oxj gen 
enters through value V 

This was comeniently done through a taccine cap with a hjqiodeimic 
needle The cap v as connected to the outlet through a length of capillarj’- 
tubing and laj’' neai the bath surface so that samples could be taken mth a 
minimum of disturbance and vithout wettmg the samplmg S 3 amge The 
bottom of the chamber vas dnided into tvo concentric sections, holdmg 
layers of soda lime and vet calcium chloride respective^ The latter 
functioned to keep the humidity vathm reasonable limits If such pro- 
vision is not made, water vull condense and vet the animal’s fur and make 
it very uncomfortable Saturated calcium cliloiide is m equihbiium vilh 
a relative humiditj'^ of 31 per cent at 25° (Koelilcr (14)) but the effectu e 
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humidity m the chambei is undoubtedly lughei A small trap i\as inter- 
posed between the chambei and the spirometer to catch any moisture 
which might condense m the connectmg tubes or become lodged there 
through mjudicious manipulation of the spirometer The animal nas 
sepal ated from the absoi bents by a la 3 ’’ei of screen nhich allowed fiee 
circulation Di P F Scholander has pomted out that undei these con- 
ditions ammonia maj"- be formed from uime m the soda lime ^^’hlle the 
soda lime might be shielded, this would reduce the effective cnculation in 
the chambei It would appeal prefeiable to meet this possibihty by wet- 
tmg the calcium cliloiide wnth dilute acid or buffei instead of water and thus 
absorb anj”^ ammonia so formed 

Details of the spiiometei mounting and its pivots® and of the electrical 
contacts aie shown in Fig 2 Aluminum cigar contameis wcie employed 
as spiiometers® in measuimg volumes smallei than 15 cc In this situation 
a delicate and yet positive action w'as requiied, together with a mountmg 
which produced no hoiizontal displacement on rotation (note Fig 2, B) 
A img of wore solder was cemented to the lowei edge of the spiiometer to 
insure vertical hanging and solutions of detergents (Nacconol, Turgitol, 
Xepherin) weie used m the spirometei bath to lower the surface tension 
Largei spirometers (30 to 80 cc ) weie constructed of sheet aliunmum It 
was necessaiy to lacquei these spiiometei s to prevent electiolysis by straj 
cui rents 

The basic ciicuit design used m contiollmg the apparatus is sliown m 
Fig 3 The coil of a latchet rela}"^ may be energized through a pinnao' 
relay by closing either the No 1 (bottom) or the No 2 (top) pan of contacts 
Successive closmg of this circuit alternately closes and opens the lelay 
contacts and thus the solenoid v ah e The signal is also actuated thiough 
the piimaiy relay This is important, since time must be measured not 
merely duimg filhng but until the No 2 contacts open agam This frees 
the system from eriors due to delaj'cd closing of the solenoid valve, such 
lags have sometimes been obsen^ed m practice 

In the circuit showm in Fig 4 this basic design was modified to per- 
mit the use of equipment already on hand The ratchet relay was replace ^ 

bj’' two simple relays, R1 and whose coils and contrets were respective } 
arianged m series Once actuated through the No 1 contacts, the cncui 
was self-eneigizmg and remamed closed until broken at some othei 
This was accomplished thiough anothei relajq ES, on closmg the i 0 
contacts, an appropriate shunt might also be used The latchet re ay 
may also be replaced by a mechanical latch, electrical reset type le ay 
couple In this case the latch coil is connected through the Fo 1 con ac 
and the release coil thiough the No 2 contacts 

® I am indebted to Dr P F Scholander for advice in these mechanical ** 

to Dr A C Redfield for suggesting this convement source of tiny spirome 
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Fig 2 Details of construction A and B, alternative pivoting arrangements for 
the spirometer arm The sections were threaded together and the counterweight 
threaded on for precise adjustment The long section supporting the spirometer w as 
of aluminum rod or tube, other parts were of brass or bakelite The actual pivots 
in both cases were plated steel phonograph needles which were fitted closely, but not 
fixed, so that replacement was easy C, spirometer mounting, upper section of phos- 
phor bronze to facihtate removal , lower section of aluminum cemented to the spirom- 
eter D, upper pair of contacts, the binding post and contacts were mounted on a 
bakelite block which could be fixed at different positions on the vertical supporting 
rod The movable contact of phosphor bronze was provided with an adjustment 
screw The contact tips should be of corrosion-resistant metal, such as silver or 
platinum 



Fig 3 Basic control circuit EB, ratchet relay in w hich successn c coil impulses 
open and close the relay contacts, F, solenoid vah e, S, signal The relaj , El, should 
be moderately sensitive to reduce sparking and corrosion at the contacts. Nos 1 and 2 
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Oxygen was supplied from a large resen^e spirometer under a very low 
pressure (1 to 3 cm of water) rathei than directly through a reducing valve 
Under these conditions leakage through the closed vah e was never oh- 
sei\ed At first a low voltage signal pen vith its auxiliary circmt was 
used (Fig 4), but this vas subsequently eliminated by the use of du-ect 
recordmg papei-^ which utilized 110 a oltsA c through a 10,000 ohm resistor 
This elegant recordmg procedure not onlj’- simplifies the circuit (Fig 3) 
but also facilitates the use of duplicate set-ups and the simultaneous re- 
cording of other mfoi matron, such as acti\ ity, feedmg, etc 



Fig 4 Modified control circuit, with simple relajs, Rl, RS, and R3, and a loff 
voltage signal pen, P, other sjrrabols as in Fig 3 


Procedure 

Opeiaiwn — ^After the animal was inserted m the chamber, a peiiod of 
about an hour was allow ed for the chamber and the animal to come into 
equihbrium During this peiiod the temperature and the carbon dioxide 
concentration approached their equilibrium values Fig 5 show's t e 
apparent oxygen consumption during this period as taken from the recor 
of a flying squirrel {Glaucomys) 

During the run samples of air from the chamber may be remoxe or 
analysis in the Haldane apparatus or more conveniently b5’’ the metho o 
Scholander (15) to msiire that the soda lime is absorbing properly an t la 
oxygen is in sufficient concentration Because water xvas used 
spirometer baths to avoid any odor which might disturb the sensine 
animals under im estigation, the oxygen delivered into the chamber w a 
not pure This diffusion of nitrogen through the water baths xvas a 

< Teledeltos recording paper (type L), used in facsimile reoo^ng 
manufactured by the Western Umon Telegraph Company, 60 Hudso > 

York 
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to an}’- original impurities in the gas as supplied Although this does not 
affect the calibration, over a peiiod of hours it mil lower the oxygen tension 
in the chamber This may be simply met by periodic withdraw als (one to 
three per da}*^) of an which is then automatically leplaced by o-xygen from 
the spirometei The withdrawals for analysis often suffice to mamtam 
the oxygen concentration In practice, the volumes added have corres- 
ponded to an entermg oxygen concentration of 98 to 99 per cent 



^ * ■ " ■ _ . — ^ * »- 

^ spirometer 
z 

UJ 

o 
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Fig 5 A record (below) and its conversion into oxygen consumption Flying 
squirrel {Glaucomys), December 19 This record immediately follows the insertion 
of the ammal into the chamber and shows a period of very intense activity followed 
by sleep The broken rectangles represent consumption of one spirometer of oxygen 
each Note the imtial lag in the measured oxygen consumption as the system attains 
eqmhbrium This is an extreme case and, in practice, the 1st hour is not used 

Cahbrahon — The amount of gas dehveied by the spirometer was de- 
termined by slowly withdrawing air thiough the sampling tube mto a 
syiinge of appropriate size With the spirometer full at the start, the 
syringe positions correspondmg to the break ol the No 2 (upper) contacts 
and the make of the No 1 (lower) contacts are noted, the difference de- 
fining the volume The syimge itself w'as calibrated by delneiy of water 
or mercur}^ In convertmg this volume mto amounts of ox} gen (expressed 
as dry gas at 0° and 760 mm of Hg pressure), the temperature used is that 
of the calibratmg syrmge, not that of the chamber or spirometer, and the 
entermg oxygen is considered to be saturated wutli water vapor A «pi- 
rometei calibration is shown m Fig 6, which illustrates the delicacy of the 
tmy spirometeis Durmg the period of free fall of the spirometer no 
pressure change could be observed (i e less than 0 2 mm of water) After 
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the arm strikes the lowei contacts, the pressure drops slightly, although 
the larger part of the additional volume lefers to the continued fall of the 
spnometer until the contacts made This pressuie difiemnce introduces 
into the calibiation a small ciror which is proportional to the chambei 
volume and to the square of the relatne change m pressure (t)(AP/P)’) 
This error is completely negligible here, amountmg to less than 01 
c mm With the chamber not attached, the effective volume of the spirom- 
etei was 0 1 to 0 2 cc lover and this difteience is again a function of the 



CC VOLUME WITHDRAWN ' 

Fig 6 Calibration of the spirometer, shomng the pressure differential ^ ® 
chamber as a function of the spirometer position The broken curve at the left 
a slope of 1 cc per cm of water shows the volume referable to a change in pressure m 
a 1 liter chamber 

chamber lolume and the lelative piessure change (a(AP/P)) Successive 
calibrations ne\ei diffeied bj moie than ±0 1 cc in 10 cc and usua } 
gave exactly the same value The spirometei was cahbiated at the begin- 
ning and end of each experiment and routmely showed the same value, eien 
aftei 60 to 100 operating cj^cles 

Calcidokon — A section of a record and its comeision into oxygen con 
sumption weie shown m Fig 5 The time signal showed that the recoi mg 
paper v as moving at uniform speed Each of the dotted rectang es 
lesponds to the utilization of one spirometer of oxygen and all are t ns 
equal aiea The small distances between the rectangles cormspOT 
time of filling the spuometei are a little exaggerated in Fig 5 an usu 
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amounted to about half a minute The length of the measuied peiiod is 
imerselj piopoitional to the rate of owgen consumption This is an 
ad\ antage in that measuiements \\ill be more fiequent •uhile the animal is 
ictn e, at -u Inch time moi e rapid changes m metabolism are expected Since 
the \ anous conditions of the experiment, the speed of the recoid, the n eight 
of the animal and the ^ olume of the spirometer, may be assembled mto a 
single constant, /, the calculation of eien a laige numbei of periods is not 
too laboiious Fuithei, the measurement on the recoid, a simple distance, 
is also simple and is onlj'^ shghtl}’^ dependent on subjective judgment If 
the oxj^gen consumption m any smgle period is given by ilf = //(mm ), 
then the aveiage rate o\er n peiiods will be, = n//2(mm) In 

convertmg these amounts mto units of enei gy, the advantage of measuring 
exj^gen consumption rathei than caibon dioxide pioduction is cleai, smce 
the caloric equivalence of the oxygen consumed is much less dependent on 
the respiiatory quotient, varjung withm less than ±1 5 per cent as the 
latter (protein-fiee) varies between 0 77 and 0 88 

DISCUSSION 

In designmg this particular apparatus attention was given to the veil 
being and comfoi t of the animal, and sei eial features, notally the generous 
sized chamber and the absence of a pump or fan, were embodied despite a 
concomitant reduction m sensitivity This is m contiast to the more 
usual proceduie of definmg the conditions of measurement vith little le- 
gard for the animal Hove^er, m vieiv of the close dependence of the 
metabolism on the degree of activity oi respose, it is not umeasonable to 
regard the comfort of the animal as of comparable importance with the 
physical characteiistics of the sj'stem I^Tien this is done, it is necessary 
to evaluate critically the influence of design on the sensitivity and accuracy 
of the system so that the proper compromise betveen these tvo factois may 
be reached In definmg the proper limits of accuracy the fact that the 
standaid deviation of metabolic measurements is of the ordei of 10 pei 
cent should be borne in mmd In the apparatus described m detail here the 
standard deviation of mmimum or basal values leferable to exTjeiimental 
errois is estimated as 2 to 4 pei cent 

One important potential source of eiror lesults fiom changes m the 
carbon dioxide concentiation followmg a change m the metabolic rate 
This IS a consequence of the dependence of the rate of caibon dioxide 
absorption on the carbon dioxide concentration, and m a s}’’stem m v hich 
a fraction of the volume is actively cuculated through a carbon dioxide 
absoibei at a late, r, the follomng lelation mil hold. 


r = (cc CO per mm ) 
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Because of these changes m the carbon dioxide concentration the measured 
oxj'gen consumption (M) mil lag behind the actual oxj'gen consumption 
(A) These relations max" be calculated thus, for il/ — A — 0 at < = 0, and 
R Q = 1 0 

Smce the rate of carbon dioxide absoiption is the measured rate of oxxgen 
consumption, 

r 100 


But smce the carbon dioxide concentration in the chambei represents 
the accumulated difference between production and absoiption, 


%CO 

100 



where v is the x"olume of the chamber 
If these are combined, 


and 


Jl/ = -{4 _ M)dl 


4 - M 
A 


g-(r/rtl 


or 

— = 1 _ e-woi 
^■1 

This fvmction which is of general application to dosed circvut systems has 
been plotted in Fig 7 for x alues of ? /v {thcfractwml cirnilahon rate) ranging 
fiom 0 05 to 1 0 pel mmute The area aboxe each cune lepresents the 
difference between pioduction and absoiption or the mcieased amount of 
caibon dioxide m the chamber Also show n in Fig 7 are the axmrage x alues 
which xvould be measiued m hmte periods of 5, 10, and 20 mmutes 
In practice, tins function will apply to changes in the rate of ox3"gen 
consumption fiom one lex'cl to anothci, thus, A — ^ A + AA (wath A = 
J/ 0 at f =0), and it w ill describe AM /AA as a function of tune h'ega- 
tixre changes oi decreases in the late of oxj'gen consumption xviH behexc 
in the same mannei as positixe ones Sudden changes in the oxygen con- 
sumption wAl usuallx" be caused bj musculai actixuty and charactenzea } 
a lespuatoiy quotient of 1 0, but exen with different x alues there is not too 
great dex lation from this function * 

5 When the n q is lower than 1 0, one fraction (1 — b q ) of the change in 
consumption will be seen immediately, while the remaining fraction (=b q ) o 
the function abo\ e For example, with an r q of 0 80, one-fifth of the cMnge w 
be mamfested at once and four-fifths would follow the relations m Fig < 
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It ^Mll bo seen that there a definite i elation between the fi actional 
circulation late and the shortness of peiiod which it is profitable to emplo}’’ 
Thus, even at the high late of 1 0 per minute (? e the \ olume of the chamber 
ciiciilatcd each minute) theie is little advantage m using periods shortei 
than 5 minutes, and at rates lover than 0 25 pei minute 10 mmute periods 
appear adequate to follow any changes m the system 

Changes in the temperatuie of the chambei vill cause a similar lag 
If the heat loss fiom the chamber is consideicd to follov Newton’s law of 



TIME IN MINUTES 

Fig 7 The relation between the measured oxygen consumption {M) and the actual 
oxygen consumption (it ) as a function of time at different fractional circulation rates 
The curves are computed from the relation, M/A = 1— The points rep- 

resent average values for successive finite periods and each belongs to the curve di- 
rectly above 


coolmg with the rate of heat transfer pioportional to the difference in 
average temperature inside and outside the chamber, then equations of 
the same form may be set up to describe the change m temperature mth 
time following a change in heat production Hovever, a different rate 
constant mil apply and the volume term will bo replaced b 3 " the heat 
capacity of the system The temperature error so introduced vill be 
vAT/T + 273, vhere AT is the change m temperature durmg the measured 
period 

In the appaiatus described m detail here circulation was not effected 
actively, but passively through convection It seems clear, hovexer, that 
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undei a given set of conditions the rate of absoiption should agaui be 
proportional to the carbon dioxide concentiation By analogy to the 
appaiatus with actne circulation, we can calculate an effective circulation 
late, r', from the measured values of oxj'^gen consumption and of carbon 
dioxide concentiation thus, 

r f rn 1 ! I %C0\ f/%COA 

r' = (cc CO. per nun ) / ( j = (ce 0 per nun )(r q ) / ( I 

Such expel imental values are shown in Fig 8, together mth contours 
representing different ciiculation lates On this basis values foi r' in 



Og CONSUMPTION IN CC / MIN 

Fig 8 The carbon dioxide content of the chamber as a function of the rate of. 
oxygen consumption The points represent individual measured values The con 
tours shov the effective circulation rate, r = (cc of 0 per minute) (b Q )/(percen 
CO ), calculated for an n q of 0 80 


this appaiatus ranged fiom 70 to 170 pei minute and aveiaged 110 Tins 
corresponds to a fractional circulation rate of about 0 15 The appar®^ 
use in oxygen consumption during a peiiod of lelatively constant activitj, 
as IS seen in Fig 6, reflects these changes in carbon dioxide and temper- 
ature The eiioi attributable to temperature (1-2° per cc of O 2 par 
mmute) is about half that due to the accumulation of carbon dioxide an is 


m the same direction , 

In certain species (e g the shrew, Blarina, and the bats, Myo ^ , 
Eptesiciis, m which periods of mtense activity alternate with longer P®” 
of almost complete inactivity) the fall m rate of oxygen consumption a 
a penod of activity can be analyzed and compared to the theoretica cu 
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m Fig 7 This proMdes an independent estunate of the fractional cn- 
culation rate, values so obtained langed from 0 08 to 0 15 per minute, in 
general agreement vuth those estimated fiom the caibon diovide concen- 
tration (Fig 8) 

The measuied oxj’^gen consumption m any given period, then, mil diffei 
from the actual late of consumption The size of this diffeience vill be 
related to the le^els in the pievious penods and particularly in the one 
immediately preceding In short peaks of activity considerable erior can 
be introduced, in measunng peiiods of rmmmum activity, as for a basal 
metabohc rate, when the period is usuall 3 ’' preceded by others of comparable 
magnitude, these errors mil be small, and in measunng the average rate 
over a number of penods they mil be neghgible These lag or accumulation 
errors mU be added, of course, to any other errors such as cahbration eriois 
or those resultmg from changes in the atmospheric piessure 

SUMMARY 

A closed cncuit system foi the automatic measuiement of the rate of 
oxygen consumption is desciibed The time required to emptv a small, 
accurately calibrated spirometer is recorded kymogiaphically and the 
spnometer is refilled automatically through an electiically controlled 
solenoid valve Some eriors inheient m closed circuit systems in general 
and their quantitative dependence on the physical charactei istics of the 
system are discussed 
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AN IMPRO'SrED METHOD FOR THE DETERMINATION 
OF THIOURACIL=f 


By KENNETH J OLSON, RAY E ELY, and E P REINEKE 

(From the Departments of Clieimstry, Dairy, and Physiology, Michigan 
State College, East Lansing) 

(Recei'i ed for publication. May 17, 1947) 

Several adaptations of Grote’s (1) reagent for the determination of 
compounds contaimng the thiouiylene group have been apphed to the de- 
termination of thiouiacil (2-4) and thiourea (5-8) All of these woikeis 
report disadvantages foi the methods uhen used m loutme determmations 
The necessitj'’ foi runmng standard samples v ith each set of unknoiras is 
time-consuming and inconvenient In geneial, the disadvantages of the 
above methods are (1) instabvhty of the stock reagent, (2) inconvement 
adjustment of the reaction, (3) inability to adjust the samples to a uniform 
reaction, (4) excessive tune requiied to develop maximum color mtensities, 
and (5) prepaiation of standards for each set of determmations 
Except for Williams ct al (2), all workers have reported an unstable color 
leagent which necessitates not only the preparation of a fresh reagent, but 
also the mclusion of standards for each group of determinations His 
method has the disadvantage, honever, of a 12 hour enzyme digestion and a 
tedious adjustment of the reaction with strong base To avoid the occur- 
rence of cloudiness observed by Wilhams ct al after addition of the reagent, 
we have followed the observation of Grote (1) that a moie stable color is 
pioduced by alloiving the color leaction to occui ncai neutrahty We have 
accomplished this by the use of a phosphate buffenng system in the diluted 
reagent, having a buffenng capacity sufficient to give an identical pH m all 
unknoivn or standard samples analyzed It has been demonstrated by 
Cheslej’’ (8) that the pH is a critical factor in the development of uniform 
color intensities By a pi ocess of aging the stock color reagent, v e have 
been able to shov reproducible results ivith different lots of color reagent, 
as V ell as inth a single lot of reagent used over a long peiiod of time The 
time requiied foi maximum color development has been greatl}’’ reduced b}' 
allowing the color leaction to develop at 50° 

Standaidization of the above conditions peinuts the determmation of 
standard absorption curves that are repioducible vathm the limits of ex- 
perimental error The ehimnation of the necessity for estabhsliing a 
standard curve vath each set of determinations is a distinct advantage 

* Published mth the approval of the Director of the hLchigan Agricultural Ex- 
periment Station as Journal article No 878 (new senes) 
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Reagents — ^Except for minor modifications, the reagents used m this 
investigation v ere identical ivith those of Chesle 3 '- (8) Plasma proteins 
were precipitated by | n tungstic acid piepared immediately before use by 
mixing equal parts of 10 per cent sodium tungstate and j N sulfuric acid 
To prepare the color reagent, 10 ml of a 5 per cent solution of sodium 
mtrofernc 3 ^amde and 5 ml of 10 per cent hydrovlamme hydrochlonde are 
pipetted into a 50 ml Eilenmeyer flask, gently mixed, and allowed to stand 
for 2 mmutes Then add 10 ml of 10 pei cent sodium bicarbonate, mix 
gently, and in 10 mmutes add 0 11 ml of biormnc Dunng this interval 
the leagent mil turn fiom a hght biomi to a dark bionn color, accompamed 
by the evolution of gas After 10 minutes 5 ml of 2 per cent phenol are 
added with gentle mixing The reagent is now allowed to stand at room 
temperatme for 5 to 12 horns and is then placed m the refrigerator at 


approximately 5° The solution will assume a green color after this agmg 
peiiod, and if kept under refiigeiation mil reproduce lehable standard 
cuiwes up to 75 days This obseivation was found to be a distmct ad- 
vantage, as it allows the piepaiation of double or tnple lots of reagent at 


one time Filtration of this stock leagent mil not altei its repioducibihty 
A stock reagent may be piepared b 3 '’ var 3 nng the time intervals reported 
However, the importance of accurate^’’ controlling these time intervals m 
order to pioduce a consistent and reproducible reagent has been pointed 
out by Chesle 3 '’ (8) The stock reagent ma 3 '' be used befoie aging, but it 
was found that m such cases a standard cuive must alwmys be plotted m 


ordei to msure accuiate values 

Foi use in color pioduction the stock reagent is diluted 1 20 mth phos- 
phate buffei This buffer is composed of equal paits of 0 2 xi disodunn 
phosphate and 0 2 at raonopotassium phosphate mixed just before use 
In view of the fact that coloi mtensity is a function of h 3 ^drogen ion con 
centration, lugh buffermg capacity is desirable This reagent was 
adequate foi adjusting all samples and standards to pH 0 8 It is ” 
mention m this connection that the pH at which the components of e 
stock reagent react is cntical foi subsequent coloi development and lu 
the distilled wmter used in making all leagents should approxima e 


neutiahty 

A convement apparatus foi measuring the bi online used in piepari 
color leagent is a mici o buiette or a suitably graduated pipette wa a 
cock fused on the dehveiy end A vacuum may be apphed to t le “ 
wath a rubber bulb oi large h 5 ’^podeimic s 3 Tmge and the bromine r^^^ 
from the stock bottle through a piece of small glass tubing whic is 
poranly fastened to the dehvery end of the burette by a rubbei 

Reprodiictbihiy of Method with TInowacil Standaid Solutions 
sets of reagents w'eie used to estabbsh their constancy m pi oducing i 


results 
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Table I contains data collected on three individual pieparations of stock 
coloi reagent that were aged at various tune intervals of 5 hours to 75 days 
Any stock color leagent aged m excess of 24 hours nas maintained at 
refrigerator temperatuies Transmission values weie measured at 660 m/i 
and the evtmction values (log I^/T) acre calculated and plotted against the 
respective thiouracil concentrations 

The data m Table I show that the average denation fi om the mean ex- 
tinction values hes mthm the hmits of 2 91 and 1 04 pei cent, ivith the 
greater variation existing at the lower thiouracil concentrations 


Table I 

Reproducibihty of Stock Color Reagent* 


Reagent No 


Bxtmctioo values 

0 6 mg 
per cent 

1 2 mg 
per cent 

1 8 mg 
per cent 

2 4 mg 
per cent 

3 0 mg 
per cent 

I 

48 hra 

0 199 

0 390 

0 585 

0 770 

0 959 

<( 

96 “ 

0 194 

0 395 

0 585 


0 939 

<< 

10 days 

0 187 

0 382 

0 561 


0 912 

II 

5 hrs 

0 188 

0 380 

0 565 

0 755 

0 930 

ti 

100 " 

0 210 

0 395 

0 575 

0 755 

0 930 

III 

48 “ 

0 196 

0 395 

0 585 

0 770 

0 947 

« 

75 days 

0 196 

0 393 

0 580 

0 765 

0 949 

Mean 


0 196 


0 576 

0 761 

0 938 

Average deviation, % 


2 91 


1 44 

1 11 

1 04 


* These values were obtained with a Coleman umversal spectrophotometer A 
Bave-Iength of 660 m/i and a light path of 4 cm were used 


Fig 1 shows a curve representing the mean values of the seven individual 
runs lecorded in Table I This standard curve may be used for routine 
determmations with the color reagent described By includmg tvo or 
more standard solutions vithm the range of these concentrations, the 
suitability of any coloi reagent may be conveniently checked 

Procedwe 

Prepm ahon of Sei inn or Plasma — ^Equal volumes of serum or plasma and 
I N tungstic acid are placed in a centnfuge tube and thoroughly mixed 
The mixture is centiifuged to aid filtration and the supernatant hquid 
solution filtered The filtrate is ready for color development as described 
below Wheq the 6 ml Evelyn macro tubes or the round cuvettes m the 
Coleman umversal spectrophotometer are used, 4 ml of plasma or serum 
are sufficient for smgle determinations 
Preparation of Urine — ^Urme is diluted mth distdled water to a concen- 
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DETERMNATTON OF TmOURAClE 


tration giving coloi intensities m the range of optunal accuiacy for the 
instrument used Urme dilution of 1 10 gave satisfactory results vhen 
effective blood plasma lev^els were maintamed 
Coloi Development — ^Tlie filtrate or diluted urine is pipetted into color- 
imeter tubes and vv aimed to 50° m a viater bath before the diluted color 
reagent IS added 3mJ ol coloi jeagent, shonsrmed, sre sdded to B m\ oi 
the sample and tiansimssion leadmgs are taken at 5 minute mtervals agamst 
a blank of distilled u atei and color reagent At this temperature maximuin 
color mtensities are developed in from 5 to 15 mmutes mth the usual range 


10 
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THIOURACIL 


Fig 1 Mean evtinction values of seven individual runs mtli standard solutions 
Determinations nere made on three different reagents aged at intervals reported in 
Table I 

of concentiations The coloi may be developed at room temporature, but 
it occurs at much slouer rates, and greatei vmriatons also occui m t e 
length of time required for different concentrations to reach their maximum 
intensities 

The intensity of coloi developed is determmed with a photoe ec nc 
colorimeter inth a 660 mu hght setting oi a filter having maximum rans 
mission at 660 m/i Fig 2 illustrates that tiansmission vrnlues ta von a 
660 mg and at pH 6 S are satisfactory , I 

To check repioducibihty, two or more concentrations o our 
standard solution may be mcluded m each senes of samples an eir 
extmction values checked with the standard graph 
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Calcuhtw7is The concentiation of thiouracil ma}'- be calculated by 
convei ling the extinction value for the unknown into mg per cent from the 
‘^ta.ndard graph, oi, if more convenient, by the use of the I value accoiding 
to the foimula C = B//,, vliere C = concentration of tiuouiacil, E = 
extinction oi lo / /, and L = E/C In both instances the propel correction for 
dilution of the onginal material must be made 



Pir 2 Absorption spectrum of Grotc’s reagent in a thiouracil solution at pH 
6 8 Measurements ■were made with a Coleman umversal spectrophotometer with 
a 4 cm cuvette 


Table II 


Effect of Storage on TMouracil in Plasma and Urine 


Interval 

plasma 

Plasma 6ltrate 

Urine 

days 

ng Per cenl 

Per cent loss 

mg percent 

per cent loss 

frtg per cent 

Per cent loss 

0 

2 95 


2 95 


21 75 


1 

2 85 

3 4 

2 95 


21 75 


2 

2 86 

3 1 

2 94 

0 3 

21 50 

1 1 

4 

2 87 

2 7 

2 93 

0 7 

21 25 

2 3 

6 

2 55 

13 6 

2 75 

6 8 

20 90 

3 9 

7 

2 55 

13 6 

2 85 

3 4 

20 90 

3 9 


Beconposiiton of Plasma, Unne, and Plasma Ftlirales Stability of 
thiouracil m plasma, urine, and plasma filtiates held at refrigerator temp- 
erature was studied Plasma and tungstic acid filtrates prepared from the 
same plasma sample tv ere stored m the refrigerator for varying periods of 
tune The urme sample was filtered and diluted just prior to the 
determmation 

The results shonm m Table II mdicate that plasma, plasma filtrates, or 
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urme may be held at refrigerator temperature for penods up to 4 days 
without excessive loss of thiouracil Greater loss occurred m the plasma 
than m the plasma filtrate up to 4 days and also after a week’s storage 


niscussiON 

The use of an aged color reagent which produces an mtensitv of color 
wnth thiouiacil standards that is leproducible for comparatively long penods 
of time IS reported and a rapid and accurate method for the determmation of 
thiouracil m blood and urme desciibed 

The use of this improved stock reagent avoids the plottmg of standard 
cmves for each determination and elimmates the time-consuming prepara- 
tion of frequent lots of color reagent While noticeable changes wll 
appear m both the stock and diluted coloi reagents over a penod of time, 
reproducible coloi intensities are secured with standard solutions of 
thiouiacil It IS advisable to filter the stock reagent before dilutmg 111111 
the buffer 

By the use of this stable color reagent, larger quantities of the stock 
reagent may be prepared at one tune, thus peimitting use of the same stock 
reagent through a continued study Comparison of standard solutions at 
mtervals will verify its original color development Our results indicate 
that this aged stock reagent will give reproducible results for several neeks 

The effect of pH on the mtensity of color produced with reagents of this 
t 3 q)e makes it extiemely unpoitant to have sufficient buffenng capacity to 
insure identical i eactions in all samples Tins is accomphshed by the use o 
0 2 m phosphate buffer at pH 6 8 

Filtrates of normal bovine and goat plasma showed hght absorptiou 
equivalent to 0 3 mg per cent or less of thiouracil when compared with a 
blank of distilled water The small error due to this non-specific absorption 
can be nummized by use of a noimal plasma filtrate blank 

SUMMAEX 

A stock color reagent for thiouracil deterimnations giving reproducible 
results over a considerable period of tmie is reported ^ 

Maximum buffering capacity of the diluted color reagent is secure J 
the use of 0 2 m phosphate buffer , 

Preparation of a standard cuiwe foi any laboratory photoelectric co o 
imeter is feasible ggo 

Development of maxunmn color intensities m from 5 to 15 minutes a 
IS recommended 

For all practical purposes the loss of thiouracil in plasma ii r 
urme stored for 4 days at refrigerator temperature is of a neghgib e or 
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GROWTH INHIBITION OF BACTERIA BY SYNTHETIC 
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I STUDIES WITH STREPTOCOCCUS FAECALIS, LACTOBACILLUS 
CASEI, AND LACTOBACILLUS AR\BINOSUS* 
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A^D G F HEUSER 

With the Technical Assistance of Lena Struglia 

{From the Agricultural Experiment Station and the School of Nutrition, 
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(Received for publication. May 19, 1947) 

Woods (1) has shoiro that p-ammobenzoic acid (PABA) antagonizes 
the sulfanilamide inhibition of bactenal growth Lampen and Jones (2) 
found that pteroylglutamic acid (folic acid) and related compounds are 
also active antagonists of sulfonamide inhibition of certam microorgan- 
isms They concluded from their results that the inhibition of bacterial 
groivdli by sulfonamides was caused by interference in the synthesis of 
folic acid at the PABA site m the folic acid molecule 

The studies reported in this paper demonstrate that growth inhibition 
of bacteria is likewise obtained ivith pterms* related structurally to the 
ptendme portion of the folic acid molecule The studies include vork 
mth three orgamsms, Sli epiococcus faecahs, Laciobactllus casei, and Laclo- 
bacillus arabinosKS Streptococcus faecahs and Lactobacillus casei reqmre 
fohe acid m the medium and Lactobacillus arabtnosus sjmthesizes its ovn 
requirements of this vitamin Studies ■mth othei microorgamsms and 
biological results obtained with chicks inll be repoi ted m later publications 

EXPERIMENTAL 

Cultures and Media — Cultuies of Streptococcus faecahs {S lactis R), 
Lactobacillus casei, and Lactobacillus arabinosus were obtained from the 
Amencan Type Culture Collection The 3 '- were mamtamed as agar stabs 
in hver, glucose, j'^east, and trvptone agar, the composition of nhich is 
described by Nymon, Gunsalus, and Gortnei (3) Weeklj-- transfers m ere 

* This work vas undertaken in cooperation i\ith the Office of Naval Research, 
Navy Department, Washington, D C , and was aided by a grant to Cornell Uni- 
versity by the Nutrition Foundation, Inc , Nev York The work was conducted in 
the Nutrition Laboratories of the Department of Poultry Husbandry 

‘ The synthesis of these compounds is being reported elsev here by M F Mallette, 
E C Taylor, Jr , and C K Cain, of the Department of Chemistry , Cornell Um\ er- 
sity, Ithaca, New York 
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made through a broth of the same composition, except for the omission 
of agar 

The medium used foi Sli epiococcus faecahs uas that of LucLej, Bnggs, 
and Elvehjem (4), modified to include 200 milhmiciograms of pi'ndoxa- 
mme per tube For Lactobacillus casei the medium of Teply and Eh ehjem 
(5) Alas employed, except that tri-ptone uas substituted for peptone at a 
level of 20 mg pei tube The tij-ptone vas adsorbed at pH 0 6 to 70 
vTth Darco G-60 foi three 30 mmute penods For Lactobacillus arab- 
tnosus the medumi of Skeggs and Wnght (6) m as used inth the inclusion 
of adequate calcium pantothenate In some of the studies with Lacto 
bacillus arabinosus PABA v as omitted from the medium 

Compounds Used — The S 3 mthetic ptenns used m these studies have the 
foUoinng structure," vhere R and R' are hjdrogen, metlnl, phenyl, or 
carboxjd, as veil as compounds hainng phenanthro and acenaphtho 
groups fused to the p3nmido(4,5-&)p3'Tazme nucleus 


N N 



NH. 


This structure differs from that of the ptendme portion of the foho acid 
molecule by hanng an aimno group m the 4 position mstead of a hjdroxi! 
group The formulae of these compounds are picsented in Table I 
10 per cent gljcerol ivas found to be a somevhat bettei solvent for theK 
compoimds than vas vater alone Sjmthetic folic acid® vas used m all 
the expenments 

Methods — In studies in\ olvmg Streptococcus faecahs and Lactobacillus 
casei A’-arjing amounts of fohe acid Aieie added to the medium, as veil as 
mcreasmg amounts of the pterins In one stud}'^ AAuth Lactobacillus ara 
inosiis mcieasmg leA^els of the pteims Aiere added to the medium vitnou 
the addition of fohe acid In a latei studj'' AAith this orgamsm the an 


’ The ptendme portion of folic acid has the follovang structure 

__ N 


’ The authors are indebted to the Lederle Laboratories Dmsion, Amencan Cj 
mid Company, Pearl Rn^er, New York, for synthetic folio acid 
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tagonistic effect of folic acid was demonstrated by showing that fohc acid 
IS capable of overcoming the mhibitoiy effect of the ptenn 
In the studies vath Streptococcus faecahs and Lactobacillus casei the 
assay tubes weie inoculated from a liquid culture grown in basal medium 
contaimng 100 millimicrogiams of Wilhams’ fohc acid concentrate ■* The 


Tabm I 


Synthetic Pterins Studied 



Name 


2.4- Diaimno 6,7-dimethy]pyrimido- 
(4,6-6)pyra2me 

2.4- Diammo 7-methylpyriirudo(4,5 6)- 
pyrazme 

2.4- Diamino 6,7-dicarboxypynniido- 
(4,5 6)pyTazine 

2.4- Diamino-7-carboxypjTiniido(4,5-6)- 
pyrazme 

2.4- Djamino-6,7-dipbenylpynmido- 
(4, 5-6)p5Tazme 

2.4- Diaminopynmido(4, 5-i>)pyrazme 

2.4- Dianiinopbenanthro(9, 10-e)- 
pynmido (4 , 5-6)pyrazine 


2, 4-Diaminoacenaphtho (1, 2-e)pynmido- 
(4,6 filpyrazme 


moculum for Lactobacillus arabinosus contamed the basal medium with- 
out added fohc acid Streptococcus faecahs and Lactobacillus arabinosus 
were inoculated by loop from 24 hour cultures, whereas Lactobacillus 
casei was centnfuged, washed once with pH 7 0 phosphate buffer, and 
lesuspended in 50 ml of stenie sahne, to which had been added 250 y 

* The 10 per cent folio acid concentrate was kindlj supplied bj Dr R J Williams, 
of the Umversity of Te'^as, Austin, Texas 
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of sterile pyndoxal A stenle 10 ml serological pipette was used to 
inoculate Lactobacillus casci ■with a drop of this suspension Streptococcus 
faecahs and Lactobacillus arabinosus were incubated at 30° for 16 to 18 


Table II 


Inhibition of Growth of Streptococcus faecahs by Synthetic Pterins 


Compound 

No 

Compound 

added 

Folic acid 
added 

Gal 

vanom 

eter 

read 

mg* 

Anti i 
bacterial 
indeit 

Com 

pound 

No 

Compound 

added 

Folic acid 
added 

Gal 

van 

ometei 

read 

mg 

Anti 

bac 

ternl 

Index 


y^tt 10 ml 

f» 7 t per 10 ml 

1 

1 


y per 10 ml 

my per 10 ml 




0 

1 

41 

1 

5 

0 002 

1 

46 



0 

10 

14 



0 004 

1 

70 



0 

1000 

8 



0 008 

1 

98 

8 

1 

2 

1 

66 



2 600 

1000 

87 



4 

1 

70 

i 


6 000 

1000 

94 



8 

1 

92 

8,000 


10 000 

1000 

100 

10 


20 

10 

30 


6 

0 5 

1 

51 



40 

10 

77 



1 0 

. 1 

85 



80 

10 

100 

8,000 i 


2 0 

1 

93 

2000 

2 

5 

1 

61 

j 


10 0 

10 

35 



10 

1 

66 



20 0 

10 

76 



20 

1 

100 

20,000 


40 0 

10 

90 

4000 


60 

10 

21 


7 

0 0005 

1 

60 



100 

10 

67 



0 001 

1 

81 



200 

10 

87 

20,000 


0 002 

1 

96 

2 

3 1 

100 

1 1 

51 ' 



0 01 

10 

23 



200 

1 

65 



0 02 

10 

50 



400 

1 

87 

400,000 

! 

0 04 

10 

98 

4 


1000 

10 

83 


8 

0 005 

1 

60 



2000 

10 

89 



0 01 

1 

68 

20 


4000 

10 

100 

400,000 


0 02 

1 

94 

4 

25 

1 

59 



0 25 

10 

26 



50 

1 

81 



0 60 

10 

49 

100 


100 

1 

100 

100,000 


1 00 

10 

96 


500 

10 

46 








1000 

10 

73 








2000 

10 

91 

200,000 








* A reading of 100 represents no growth , , 

t Ratio of concentration of inhibitor to the concentration of metabolite at w ic 
complete inhibition of growth of the organism occurs 
tMillimicrograms 


hours, and Lactobacillus casei at 37° for 20 hours After the incubation 
penod the growth was measured turbidimetncally with a Coleman spec ro 
photometer 
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Results 

Since the inhibitory efifect of the vanous ptenns differed with the organ- 
ism studied, the results mth each organism are presented separately 

Table III 


InJnbiUon of Growth of Laciohacillus casei by Synthetic Ptenns 


Com 

pound 

No 

Compound added 

Folic acid added 

Galvanometer reading* 

i 

Antibacterial index 


y per 10 ml 

my per 10 ml 




0 

1 

40 



0 

2 

28 



0 

5 

17 


1 

50 

1 

50 



100 

1 

65 



200 

1 

100 

200,000 


100 

5 

61 

/ 


200 

5 

70 



500 

5 

90 

100,000 

2 

500 

1 

56 



1000 

1 

80 



1500 

1 

100 

1,500,000 


1000 

5 

39 



2000 

5 

82 



4000 

6 

100 

800,000 

5 

20 

1 

67 



40 

1 

80 



80 

1 

100 

80,000 


50 

5 

40 



100 

5 

63 



200 

5 

100 

40,000 

6 

250 

1 

47 



600 

1 

68 

1 


1000 

1 

100 

1,000,000 


1000 

5 

29 



2000 

5 

51 



4000 

5 

100 

800,000 


* A reading of 100 represents no grois th 


Streptococcus Jaecahs — ^The results of the studies on Streptococcus faecahs 
are presented in Table II They show that several of the ptenns have an 
extremely marked antibactenal action for this organism Competitive 
antagomsm between these ptenns and folic acid has been demonstrated 
over a 10-fold range m concentration for most of the compounds For 
the ptenn possessmg the phenyl group in the 6 and 7 positions, this com- 
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petitive antagonism lias been shown over a 1000-fold range m concentra- 
tion The antibacterial index for this compound was found to be the 
same at the two widel}" separated concentrations of folic acid 


TABLt IV 


Inh-ihtlton of Growth of Lactobacillus arabmosus by Synthetic Ptenns 


Compound No 

Compound added 

Galvanometer reading’ 

Plus PABAf 

JJmus PABAt 


7 per 10 ml 




0 

5 

10 

1 

1000 

44 

79 


2000 

79 

91 


3000 

83 

100 


4000 

88 

100 

2 

1000 

C 

22 


2000 

11 

52 


3000 

32 

62 


4000 

65 

74 


5000 

71 

80 

3 

1000 

5 

8 


5000 

5 

8 

4 

1000 

5 

7 


5000 

9 i 

30 

5 

1 

5 

72 


2 i 

7 

S3 


5 

39 

95 


10 

74 

95 


20 

85 

96 

6 

1000 

10 

28 


2000 

25 

36 


3000 

40 

52 


4000 

52 

67 


5000 

60 

76 


* A reading of 100 represents no grow th 
1 1 O' of PABA added per tube 
t Medium contains no added PABA 


Studies vuth 2-ammo-4-hydro\y, 2 , 4 -dih 3 ’'diox 3 ', nnd 
hj'droxy analogues of these compounds showed that they had no an^^ 
bacterial effect on Streptococcus faecahs Some of them, chie y 
carboxy deiivatives, exhibited slight folic acid activity The su s 
of a hy^di oxyl gi oup foi an amino group in the 4 position complete y n 
the antifohc acid actmty of the ptenns Eeplacing the amino 
the 2 position by a hy^droxyd oi mercapto gioup also pioduce com 
haiung no inlubitoiy effect 
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Laclobactllus cosei— The lesults of studies conducted with Laciohacilhis 
casct aie given in Table III The pterins had much less effect on this 
organism than on Stieptococcus faecahs, although both organisms reqmre 
approvimateb’- the same amount of preformed folic acid m the basal 
medium The 2,4-diammo-6,7-diphen5dptendme had the gieatest in- 
hibitoiy effect of all the compounds studied The phenanthro and ace- 
naphtho compounds are so insoluble that it was impossible to obtain 

Table V 


Antagomsm of Plenn Inhtbilton of Growth of Lactobacillus arabinosus by Folic Acid 


Compound added* 

Folic acid added 

Galvanometer reading! ! 

. .. . i 

Antibacterial index 

y per 10 ml 

y Per iO vH 

1 


0 

0 

10 


1 

1 0 

i 72 


1 

0 05 

64 


1 

! 0 5 

t 


1 

1 

! 8 

i 

2 

0 

83 

1 

2 

0 05 

74 


2 ! 

0 5 

19 


2 

1 

17 


2 ^ 

10 

13 


4 

0 05 

100 

80 

5 

0 

95 


5 

0 5 

69 


5 

1 

71 

[ 

6 

10 

51 


5 

50 

56 


5 

1000 

57 


10 

0 5 

92 

20 

20 

1 

96 

20 


*2,4-Diamjno 6,7 diphenylpynn)ido(4,5-6)pyrarine 

t A reading of 100 represents no growth The medium contained no added PABA 


sufficiently concentiated solutions to show an effect uith Laclohacillus 
casei The carboxy compounds stimulated growth to a shght extent 
Lactobacillus arabinosus — The results of studies with Lactobacillus 
arabinosus are presented in Tables lY and Y Except for the 2,4:-diamino- 
6,7-diphenylptendine, relatively large amounts of pteims were found to 
be required to inlubit the grotvth of this orgamsm The addition of 
p-aminobenzoic acid caused an antagonism of the ptenn inlubition, since 
2 to 10 times the amount of compound w as needed to prevent the growth 
of Lactobacillus arabinosus when PABA was present It is endent from 
the lesuIts in Table V that fohc acid completely overcame the inhibition 
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by the pterm at low concentrations of the compound However, abo^e 
a certain concentration of the ptenn the inhibitory effect was onlj partially 
reversible by fohc acid The carbox5’' denvatiies showed httle or no 
inhibition of this organism 


DISCUSSION' 

The results presented m this report demonstrate that certam sjTithetic 
ptenns possess strong antibactenal actmty which is antagomzed com- 
petitnely by fohc awd In contrast to sulfonamide inhibition which 
appears to affect onl}' those bactena wluch synthesize fohc acid, and in 
opposition to pjTithiaimne, thiopamc acid, 3-p3’ndmesulfonic acid, and 
nianj' other antimetabohtes which are active m inhibiting growih onlj 
m those bactenal species ivhich require the metabohte as an essential 
nutrient, the ptenns reported here have the unique capacit}' of inhibiting 
the bactena which sjmthesize fohc acid as well as those requinng the 
preformed ntamin 

In new of the ineffectiveness of the 4-hydro\3'’ ptenns in inhibiting 
bactenal growi;h it is apparent that the antibactenal actmty of the com- 
pounds descnbed m this report hinges upon the presence of an amino 
group m the 4 position of the ptendine nucleus Under these conditions 
the substituent groups piesent at the 6 and 7 positions have a marked 
mfluence upon the antibactenal potenci From the results thus far 
obtamed those ptenns possessing large, stable groups at the 6 and t 
tions show the greatest antifohc acid actmt3’- 

U oolle3' (7) has proposed that a compound has the greatest antimeta 
ohte activiti' when its structural anangemeiit most neaib’’ coincides wi 
that of the metabolite, except for one essential detail Howeier, tins 
hypothesis does not hold in explaimng the action of the ptenns, since ^ 
structures such a*! the phenanthro compound possessing the greater 
antimetabohte actmt3' are farther removed from the structure of t e 
ptenn of fohc acid than is that of the 6,7-drmeth3’’lptendme, which show 
considerabb’’ less antibactenal actmt3 

A possible explanation of the effects of these compounds is that t e} 
act b3' combming with a specific protein (apoenz3Tne), thus 
the normal attachment of fohc acid m the formation of an enz3Tiie reqm 
for bactenal growdh Since the onl3' functional group common to 
the mhibitoiy ptenns and the ptenn of fohc acid is the amino 
the 2 position, it is possible that umon with the apoenz3Tne occius a 
position On the other hand, since the antifohc acid ptenns a so 
an ammo group in the 4 position, it ma3 be that union m this 
occurs at the 4 position, and is thus responsible for the inlubitor3 
In an3' case, the effect upon antibactenal actmty produced 63’’ 0 



DANIEL, NORRIS, SCOTT, AND HEUSER 


697 


on the G and 7 positions may be due to their influence upon chemical 
reactivity of the ammo group in the 2 and 4 positions 

The stiikmg dissimilanty m the response of Lactobacillus casei and 
Streptococcus faecahs to the ptenns suggests that moie than one system is 
involved in the metabohsm of folic acid Lactobacillus casei may possess 
several separate mechamsms, of which one is affected by the*ptenns, and 
the others are not The fact that some pterm inhibition of Lactobacillus 
casei occurs indicates that one of its metabolic pathways is similar to the 
sj^tem functiomng m Streptococcus faecahs 

SUMMART 

Several synthetic ptenns have been shown to possess marked anti- 
bactenal activity which is antagonized competitively by folic acid These 
pterins have the unique capacity of inhibitmg bactena which synthesize 
fohc acid, as well as those requiring the preformed vitamin A possible 
explanation for the effects of these compounds is that they act by com- 
peting mth fohc acid for a place m a metabolic reaction essential for the 
growth of the bactena 
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A NEW PHOSPHOLIPIDE-SPLITTING ENZYME SPECIFIC FOR 
THE ESTER LINKAGE BETWEEN THE NITROGENOUS 
BASE AND THE PHOSPHORIC ACID GROUPING* 

Bt DONALD J HANAHAN and I L CHAIKOFF 

{From the Dimston of Physiology, University of California Medical Sehool, 

Berkeley) 

(Received for publication, Apnl 28, 1947) 

The presence of an enzyme m the raw carrot capable of sphttmg the 
phosphohpide molecule of the carrot at its ester linkage between the 
mtrogenous base and the phosphoric acid groupmg was postulated m an 
earlier report from this laboratory (1) The existence of such an enzyme 
has now been demonstrated Lecithmases have been found in plant and 
animal tissues (2-11), but a phospholipide-splitting enzyme specific for the 
mtrogenous base-phosphoric acid ester linkage has not hitherto been de- 
scribed This new plant enzyme has been found to act upon plant phos- 
phohpides obtained from the canot and soy bean, but it had no effect on 
acetylcholine Although this new plant enzyme hberates cholme bound 
to plant phosphohpides, its action is not confined to cleavmg this mtrog- 
enous base, for more mtrogen is liberated by the enzyme than can be 
accounted for by the loss of cholme nitrogen 

EXPERIMENTAL 

1 Preparaiton of Crude Enzyme Extract — 100 gm of freshly scraped 
carrots were ground and homogemzed m a Waring blendor with an equal 
volume of distilled water, and the mixtuie allowed to stand at 5° for 12 
hours It was filtered through a Buchner fuimel, approximately 150 cc 
of extract were then centrifuged The enzjme extracts used m the expen- 
ments described below were never oldei than 24 hours 

2 Measurement of Enzymic Activity of Crude Ext acts — ^An ether solution 
contaimng 80 mg of soy bean phosphohpide' was transferred to a 50 cc 

• The research which this paper reports v as undertaken in cooperation with 
the Committee on Food Research of the Quartermaster Food and Container Institute 
for the Armed Forces The views or conclusions contained in this report are those 
of the authors They are not to be construed as necessanly reflecting the views or 
indorsement of the War Department 

' A soybean phosphohpide v as used in all expenments unless otherwise stated 
It was prepared from a commercial lecithin bj^ the followmg procedure A petroleum 
ether extract of the phosphohpide vas carefully washed with water, then concen- 
trated at 55-60° to a small volume (approximate^ 25 cc ) under reduced pressure 
(40 to 60 mm ) in an atmosphere of CO* This concentrate was taken up in petroleum 
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PHOSPHOLIPIDE-SPLITTING ENZTilD 


glass-stoppeied volumetric flask and the sohent remo^ed by evaporation 
The evaporated phosphohpide vas then mixed with 2 5 cc of enzjTnc e\- 
tiact and 2 5 cc of a phosphate buffer at pH 5 9, and the contents of the 
flask xngorously shaken 1 drop of chloi of oi m n as then added to the emul- 
sified mixture The mixture n as meubated at 25° for 21 hours At the 
end of the incubation peiiod, ethjd ether n as added to the reaction mixdure, 
and the contents diluted to volume and \ igor ously shaken It i\ as necessarj 
to allon about 45 mmutes for complete extraction The ether-soluble 
fraction was then analj'^zed for its nitrogen, choline, and phosphorus con- 
tents Nitrogen nas measured by the micro-Kjeldahl method, cholme bj 
Glick’s method (12), and phosphorus bj'^ ICmg’s method (13) The loss of 
ether-soluble mtiogen is the index of enz^-'mic activity 
No loss of etliei -soluble nitrogen occurred nhen phospholipides vere 
incubated foi 21 hours either m the presence of a phosphate buffer (pH 5 9) 
or in the presence of the phosphate buffer plus an enzjmie extract that had 
been inactivated by heating it to 95° for 45 mmutes 
3 Specificity of Action — The specificity of action of the carrot enzvuie 
IS sliovm in Table I It is apparent that cholme is liberated, but the 
cholme split off the phosphohpide molecule does not account foi all of the 
mtiogen lost Table II shows that neither fatty acids nor glycerophos 
phone acid was separated from the phosphohpide molecule The loss of 
the mtiogenous base is the only degradation stiff eicd by the phosphohpide 
molecule through action of this enzxmie Fiee fatty acids were mensured 
by the Fairbaiin technique (14) and glycei ophosphoric acid by Burmnster’s 
method (15) 

The enzyme extiact possessed no cholinesterase actlMt^, which was 
tested by the method of Stedman and Stedman (16) 

An mterestmg fact emeigmg fiom these studies is the solubility of the 
enz 5 Tne-treated phosphohpide in acetone Upon the addition of acetone 
to the degraded samples no precipitation occurred, but a turbidity de- 
veloped which \aiied propoitionately wuth the loss of mtrogen It there- 
fore appeals that the piecipitability of phospholipides by acetone is asso- 
ciated m part with the mtrogenous fraction of the molecule 

^ Kinetic Studies Order of Reaction — Time-activity studies for this 
enzyme system, both m buffered and m non-buffered solution, yielded 


ether and 3 to 4 volumes of acetone added The precipitated phospholipides were 
washed several times with acetone, dissolved in a small volume of petroleum ether, 
and carefully w ashed wuth water to remove non-phospholipide mtrogen The pre 
cipitation procedure was repeated three times and the final precipitate was diKO ve 
in freshly distilled ethyl ether and made to volume This solution was 1^ r® 
brown in color and had an N P molal ratio of 0 90 The commercial lecit n use 
here was kindly furnished by Mr M B Bieber of the Central Soya Company 
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TABtB I 

Enzymic Aclnily of Fresh Carrol Extracts on Plant Phosphohpidcs 


c 

w 

E 

u 

a 

H 

M 

Substnte 

Treatment of 
enzyme extract 
before incubation 

Ether soluble fraction 

Ether soluble 
found after 
incubation 
as per cent 
of orujina) 

Before incubation 

After 21 hrs 
incubation 

P 

N 

Choline N 

N P, molal 
ratio 

p 

N 

Choline N 

N P molal 
ratio 

p 

N 

iz; 

u 

c 

*0 

D 




mg 

mg 

mg 


mg 

mg 

mg 





1 


Unheated 


4 79 

2 31 

m 


2 67 

■ 



57 

0 


phospholipide* 

Heated at 95° 

11 0 

4 79 

2 31 



4 75 

2 31 

B 


99 

mill 



45 min 












2 

(( It 

Unheated 


7 31 

2 70 

1 1 

14 0 

2 36 

■ 

m 

96 

32 




tt 

14 6 

7 31 


1 1 

15 2 


0 


103 

28 


3 


Unheated 

13 5 

5 77 

2 44 

wt 

13 5 

sliw 

1 11 

B 



46 


phospholipidet 

Heated at 95° 

13 5 

5 77 

2 44 

wS 

13 5 

6 45 

2 53 


Hill] 


tfgl 



45 mm 












4 


Unheated 

19 2 

m 

2 75 

w; 

19 8 

4 58 

0 53 

^1 


60 

24 




19 2 


2 75 


19 2 

mm 

2 75 

filau 

{roil 

iBiil 

roiil 



45 min 













* Prepared from steam-treated, dehjdrated carrots 
t Prepared from commercial soy bean lecithin 


Tabi£ II 

Free Glycerophosphoric Acid and Free Fatty Acids Formed by Enzymic Action of Carrot 
Extract on Soy Bean Phospholipide 


i 

Expert 

ment 

No 

1 

Phospholipide added | 

1 

Total fatly acids m i 
phospholipide added j 

Total {’lycerophosphonc 
acid m phospholipide 
added 

At end of incubation 

Free 

fatty 

acids* 

Free gljccro- 
phosphoric 
Acids 


mg 

mg 

mg 

mg 

mg 

1 

400 

260 

64 4 

1 4 

0 

2 

400 

260 

64 4 

1 0 

0 

3 

400 

260 

64 4 

1 0 

0 

4 

300 

195 

44 0 

4 0 

0 

5 

300 

195 

44 0 

! 0 0 

0 

6 

140 

91 

21 0 

9 8 

0 

7 

85 

55 

12 2 

2 5 

0 


* Calculated as “oleic” acid 


curves representati\ e of a monomolecular reaction This is shoim in 
Figs 1 and 2, vhere log (a— x) is plotted against I, and ulieie a represents 
the initial concentration of nitrogen in the intact phospholipide molecule, 
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X represents the loss of ether-soluble nitrogen from the phosphohpide, and 
i represents tune 

The reaction constant /, was detei mined from the equation ^ = 
l/i(log(a/a~x)) The ’values foi A were found to bo constant between 



Fig 1 Time activity curves for unbuffered pbospbolipide enzyme mi'rlui'es 



Fio 2 Time-activity curves for phosphate-buffered phosphohpitle-enzyme m' 
tures 

6 and 21 hours The reaction is a slow one, as is showm by the finding tha 
the cleavage of nitrogen was not complete in 21 houis 

It IS of interest that the enzyme system is more actn e at 25 
37° m a phosphate-buffered solution, pH 5 9, w’hile the reverse is n. 



D J HANAHAN AND I h CHAIKOFP 


703 


unbuffeied solutions The enzyme was less active, hove\er, in the un- 
buffered solutions For these leasons all reaction measurements were 
cairied out m the piesence of a phosphate buffer at 25° The use of an 
acetate buffei yielded i-esults similar to these obtained ivith the phosphate 
buffei 

pH-Achvity Cuu’c — The pioceduie outhned in section (2) aboie nas 
followed Mixtures of var3nng piopoitions of 0 05 m K2HPO4 and 0 05 M 
KH2PO4 and laijmg concentiations of H3PO4 were used to prepare so- 
lutions wnth the desiied pH The phospholipide-enzyme buffer emulsions 
were incubated at 25° for 21 houis A plot of the activity of this enzyme 
system at v'anoiis pH values is shown m Fig 3 Optimum activity was 
observed at a pH lange between 5 2 and 5 9 Little activity was found 
bel ow pH 2 0 01 abov e 8 5 



Fig 3 Enzyme activity at various pH levels 


pH-activit5'^ cuives were also piepaied for other incubation penods, 
namelj" 10 and 15 houis Foi these incubation periods, the amount of 
activitj' w'as, of couise, less than at 21 hours, but the plateaux of the 
curv^es w ere still betw een pH 5 2 and 5 9 

Thcrmoslabihly — 10 cc aliquots of the crude extract were heated at 
constant volume foi 15 minutes at temperatures ranging from 25-95° 
At the end of this time the extracts were iimnediatelj cooled to room 
tempeiature and the activity measured bj’ the piocedure outhned in 
section (2) abovre The lesults of this experiment are shown in Fig 4, 
w here activity is plotted against temperature 
This enzyme system is quite thermostable , it retamed 10 to 15 per cent 
of its activ'itj despite being subjected to a temperature of 95° for 15 
minutes 

5 Stability of Enzyme System in Steam-Treated Carrots — ^Two batches 
of scraped carrots, each amountmg to 125 gm , were cut mto shces \ mch 
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thick One was steam-tieated foi 2 5 minutes, the other for 7 5 minutes 
The slices weie then cooled, homogenized m a Warmg blendor with an 
equal volume of distilled water, and stored at 5° for 12 hours The mixtiue 
w as filtered through a Buchnei funnel and the filtrate tested for actmtj 
by the procedure outlined in section (2) above A similar portion of un- 
heated carrots was used as a control The results are recorded in Table 
III 



Tabue III 

Enzymic Activity of Extract of Steam-Treated Carrots on Soy Bean Phospholipid^ 


Experiment No 

Treatment | 

Per cent phosjjholigide nitro!»> 

1 

Exposed to live steam 2 5 min 

20 

2 

n tt (t 7 5 ** 

8 

3 

1 

Unheated 

40 


Exposuie of sliced carrots to live steam foi 2 5 minutes reduced tie 
actnity of the enzjune system to the extent of about 50 per cent 
heatmg period of 7 5 minutes produced an 80 per cent i eduction m activity 


niscussioN 

Four types of lecithinases, each actmg on a separate ester Imkage 
lecithin molecule, were postulated by Contardi and Ercoh m 1932 ( > 

but the existence of only three of these has hitherto been demonstra e ^ 
These are (a) the enzyme found in cobra serum (18-20), which ^ 
a single unsaturated fatty acid from the lecithin molecule, (b) the 
found m rice hulls (17) and Aspergilhis oiyzae (17), which splits o ^ 
fatty acids, (c) the enzyme foimd in Chslndvum tuelchii (21), w c 
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rates the phospholipide molecule at its ester linkage betiieen the glycerol 
and the phosphoric acid A plant enzjnne capable of attacking only the 
choline or nitrogen fraction of the phospholipide molecule is described 
here foi the first time 

A phosphorus-contaming hpide with a low mtrogen to phosphoius ratio 
was obtained fiom law carrots (1) Smce the treatment of the carrot 
durmg the isolation of the phosphohpide ivas conducive to enzymic action, 
it was postulated that an enzyme, probably a lecithmase, was responsible 
for the degradation of the phosphohpide This interpretation of our 
earlier findings is confiimed by the data presented here The action of 
such an enzyme may well account for the phosphatidic acid-liLe sub- 
stances obtamed from various plant tissues (22, 23) 

SUMMARY 

1 A phosphohpide-sphttmg enzyme specific for the ester hnkage be- 
tween the mtrogenous base and the phosphoric acid grouping is shown to 
be present in the carrot 

2 Maximum activity for this enzvme was observed between pH 5 2 and 
5 9 m a 0 05 M phosphate buffei It showed a high degree of thermo- 
stability It was not completely inactn ated when exposed to a temper- 
ature of 95° for 15 minutes 
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LIPIDES OF THE FASTIXG MOUSE 


III PHOSPHOLIPIDE TO NEUTRAL FAT RELATIONSHIP IN 
THE BLOOD LIPIDES 

B-k HAROLD CARPENTER HODGE, P L MacLACHLAN, W R 
BLOOR, EILEEN \ WELCH, SYLVIA LEVY KORNBERG, 

WD MARLENE FALIaENHEEM 

{From the Department of Biochemistry and Pharmacology, School of Medicine 
and Dentistry, The University of Rochester, Rochester, New York) 

(Received for publication, March 8, 1947) 

The fasting mouse has proved to be a \ aluable object of study in con- 
nection nith the complex mechanisms of fat utili 2 sation In the 3 month- 
old male albmo mouse, the utilizable carcass hpides aie mobilized and 
disappear m the couise of a 2 day fast (1) On these 1st 2 fastmg days, 
the liver accumulates neutral fat, the total lipide doubles oi triples in 
amount (2) On the succeedmg fastmg days, the liver total lipide de- 
creases to less than noimal amoimts By contrast, the livei phospholipides 
(m mg per livei) deciease legularly during the entire fasting period 

The rapid mobilization and buimng of the depot fat of the joung mouse 
should be reflected by mcreases of hpides m the blood stream In tno 
studies (3, 4), MacLachlan has shown that a moderate lipemia is rapidly 
established, both the total lipide and the phospholipide levels of the 
blood mcrease The obsenmtions of MacLachlan have been extended 
for a somewhat longer fastmg period m the current stud}' By the use 
of the ladioactive isotope, P’^, data on the change m the specific activity 
of the plasma phospholipides have been obseiwed 

EXPERIMENTAL 

The fastmg proceduie m geneial was as desciibed before (1) hlale 
albino mice 3 months old, pieviousl}' maintained on a diet of oats and 
Purma dog chow', were fasted in individual cages Water was supplied 
ad hbtium and the room temperature was kept at 25° 24 hours before 

sacrifice each mouse received mtrapentoneally a knowm amount of P’- 
m aqueous solution as NasHPOj 

Blood w'as obtamed fiom the axillary artery accordmg to the method 
described by Kuhn (5) The w'hole blood samples were analyzed by 
standard methods foi phospholipide (6) and acetone-soluble lipide, i c 
neutral fat and cholesterol (7) Radioactn ity determmations were carried 
out bv the usual procedure on the Geiger-Muller scale-of-foiir counter (8) 

707 



708 


lilPIDES in 


ResuKs 

Blood Volume — ^The volume of blood obtained from the fasted mice 
decreased sigmficantly, relatne to the controls, on the Ist daj of fasting 
(Table I) \ further significant deci'c i«e m blood \ olume occurred on 
the 5th day 

Acclorie-Sohtble Lipide — Although there was a tendencj to increase 
imtialh (3, 4), the acetone-soluble lipide of the blood showed no marled 
cliange fiom normal until the 5th dav, when theie was i significant de- 
crease (Fig 1) This fall m blood lipide mav haie been related to the 
depletion of fat resen es 


Tcble I 

Data on Blood Ltptdcs and P^' Dose per Mg of Blood Phospholtptdcs in l^ormal 


and Fasting Mice 



No of 
mice 

Sample 

Acetone-soluble 

Blood 

Phospbobpides 

— 

Total, too ml 

Per cent 

Mean 

S D 

Mean 

H 

Jlcan 


Mean 

SD 



mJ 

ml 

ms 


ms 

ms 



Normal 

15 



280 


275 

42 

0 024 


Fasted 1 daj 

18 

0 59 

0 14 

289 

41 

321 

90 

0 (M^ 

0 oia 

" 2dajs 

15 

0 56 


298 

71 

350 

63 

0 OGS 


“ 3 “ 

15 

0 55 

0 15 

282 

58 

436 

103 

0 001 


« 4 << 

2? 

0 SS 


279 

33 

452 

105 

0 018 


“ 5 “ 

n 

0 45 


236 

39 

329 

52 

0 051 



Pliospholtptde — The blocd phosphohpide content mcicaj'cd ni'irlc ' 
and nearly linearly up to the 4th day of fasting, followed by a shaip 
on the 5th day to a \alue still 20 per cent aboie the control lei el (Fig 
2) The increase in blood phosphohpide might be csiilained on the as 
sumption that phosphohpide senses as a transpoit mechanism m the m er- 
mediarj’' metabolism of fat Smcc complete replacement of the oo 
phosphohpide would require onh a small peicentage of the total war 
phosphohpide (9), an increase of the magnitude obsened can plausi i 
be attributed to processes attendmg fat mobilization 

Percentage P’- Dose in Phosphohpide — The \alue for the 
P®- dose pel mg of blood phosphohpide reached a raaMmum on t le 
and 3rd days of fastmg It fell to the control le^el by the 4th ajj 
increased again on the 5th day 

It has been shown (9) that labeled morganic phosphate, 
mtraAenously, appears promptly m the Iner phosphohpides, an v 
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BLOOD ACETONE SOLUBLE 



Fig 1 Acetone soluble lipide of blood The initial tendencj to increase was 
followed by a marked fall on the 5th day 


BLOOD PHOSPHOLIPID 



S Pjg IN BLOOD 

phospholipid 



DAYS FASTED 

Fig 2 Blood phospholipide concentration and P“ content The blood phospho- 
lipide increased steadily until the 4th day, followed by a sharp decrease on the 5th 
day The percentage P” values increased to a maximum on the 2nd day and were 
elevated again on the 5th day 

4 hours the specific activity of the plasma phosphohpide vas “similar 
to that m the liver, which mdicates a complete replacement of plasma 
phospholipide by hver phosphohpide ” The general agreement between 
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the values foi the pei cent 1’®- dose pei mg of blood and hvei phospho- 
hpides indicates that the same pioce'sses ma^ occur in the fasting animal 

DISCUSSIO^ 

The data of Table I confiim and extend the obsen ations of IMacLachlan 
that a moderate lipemia occius in the lasting mouse Entenmane/ol (10) 
found no evidence of such a change in their fasting adult dogs On the 
othei hand, Bang (11) and Raab (12) have lepoited a detectable increase 
m plasma neutial fat in ceitain clogs The lipide metabolism in fasting 
IS so rapid m mice that changes mai veil be found in this species vhich 
aie not detectable in otliere That only a slight i ise in total lipide occurred 
IS especiall5' interesting vhen it is considered that appi oximatelv 800 mg 
of carcass lipide aie mobilized and burned on each of the 1st 2 fasting da\B 
Evidently the mechanism foi burning fats is highly efficient 

The mciease in phosphohpide le\el, as marked as it is, dees not require 
the addition to the total circulating blood of more than a small fraction 
of the total phosphohpide present m the livei at an-s one time For ex- 
ample, the average concentration of blood phosphohpide at its peak value 
on the 4th fasting daj’- was 450 mg per 100 ml , whereas on the same dai 
the hvei contained 3400 mg of phosphohpide pei 100 gm of liver In 
other -words, the entire circulating blood of the mouse contains perhaps 
6 mg of phosphohpide as compared n ith a content of 20 to 40 mg of phos- 
phohpide in the livei Consequent^, the increase of blood phosphohpide 
IS not a laige fraction of those phosphohpides -which might be considered 
to be leadily available 

The pel centage P®® values fall into a pattern of change w ith fasting nhich 
IS similai to that obserxed in liver phospholipides (unpublished data) 
It has been found that the percentages P®® dose per mg of Iner lecithin 
and cephalin (detei mined as m (2)) exhibit a parallel course of change 
during fasting The values increase on the first 2 fasting daxs, are lower 
on the 3rd and 4th dax s, and increase again on the 5th fastuig daj Jluniei 
icallx’-, the percentage P®” dose per mg of phosphohpide in the bloo is 
more like the x allies for the cephalin fraction of hxer than for the lecit m 
fraction (In hvei, duimg fasting the per cent P®® dose values for lecit in 
are unitonnlx' higher than these foi 'tephahn ) In geneial, it appears 
the specific activitx of the plasma phosphohpide is such as to ma e i 
suggestion of origin from the liver a plausible statement 

SLMXIAm 

A slight hpemia xxas obsen ed m the earlv fasting daj'S followed bx ^ 
decrease on the 5th day The blood phosphohpide concentration mcrea. 
steadily until the 4th day, then fell on the 5th day The per oen 
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dose in the blood phospholipides incieased to a mavimum on the 2nd daj*^ 
and was elevated again on the 5th day 
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PHOSPIiATE EXCPIANGE AS THE MECHANISM FOR 
\DSORPTION OF THE RADIOACTIVE ISOTOPE 
BY THE CALCIFIED TISSUES’" 
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HAROLD CARPENTER HODGE 

{From the Department of Biochemistry and Pharmacology, School of Medicine 
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(Received for publication, March 8, 1947) 

VTien phosphate tagged with P^- is administered to young lats eithei 
bj" mouth (1, 2) oi bj’’ intiapentoneal mjection (3), some of the P^- may 
be promptly found in the calcifaed tissues Ultimately, a consideiable 
propoition of a single dose of P^’ is present in the skeleton, this amount de- 
creases slowly iMth time The promptness has lecently been emphasized 
by the findmg of Neuman and Riley (3) that as quickly as 30 minutes aftei 
an intiapentoneal administration bone exhibits rapidly incieasmg per- 
centages of the P^- dose The bone percentages reach maximal ^ allies in 
12 to 24 houis, at which time 5 per cent (4) or more (2) of the total 
dose maj’' be present in old rats and eicn gi eater amounts in young lats 
(3) It should be emphasized that these phenomena take place much too 
promptly for calcification or “accretion” of bone to add significant amounts 
of P^^ (5) The P®- IS slowly lost, by the end of the 1st week, a third or 
more of the peak P^- content may haie gone fiom the skeleton, thereaftei 
the rate of loss is slow indeed, so that only an additional one-twelfth may be 
lost m the 2nd and 3rd weeks combined Tooth tissues aie also found 
to contain P^-, although the rate of deposition is much slower and the 
amounts deposited are much smaller proportions of the total dose Thus, 
from tn vivo studies, P’- appears promptly and m considerable proportions 
in the bony tissues, from whence it is remoicd slowly 

In this papei , an attempt is made to dcsci ibe the P®- deposition m bom 
tissues as an exchange reaction The idea is not new but its source is net 
known with certainty (5, 6) For some time, discussion of this phase of 
bene metabolism has been based on an assumed exchange between bene 
and blood inoigamc phesphate, the data and calculations presented hei-e- 
with are ei idence to support such an assumption 

* The data of this paper are taken in part from the thesis submitted bj Marlene 
Falkenheim to the Graduate School of the Umversitj of Rochester, June, 1946, in 
partial fulfilment of the reqmrements for the degree of Master of Science in Biochem- 
istry This work was supported in part by grants from the Carnegie Corporation of 
New York 

t Present address, Bioph 3 rsics Group, Harvard Medical School, Boston, Massa 
chusetts 
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PHOSPH\.TE EXCHANGE IN P” ADSORPTION 

Adsorption Studies in V itro ^ — Surface as a limilmg factor la the in vitro 
deposition of was proposed (7) following the demonstiation that the 
fixation of P’- was described by the Fieundlicli isotherm ( 8 ) Further 
examination of the adsoiption of P®- in vitro showed that, Mith longer ex- 
posures to the phosphate solutions, P^- continued to be adsorbed in a fashiou 
which could be accounted for by assummg diffusion to be a factor (9, 10) 

The in vitro deposition of P^" m powdered bone, dentin, and enamel horn 
aqueous sodium phosphate solutions ma 5 ’' be desciibed by the following 
processes (a) P®® and P’^ of the solution aie unsclectuely adsorbed by ex- 
change withP^^ of the surfaces of the minute crj''stals,(?)) “quasi-equilibna” 
are piomptly (2 to 8 houis) leached between the solution and the surface, 
and (c) diffusion mto the powdei pai tides sloiily permits more and more 
crystal surfaces to become available foi exchange reactions This hypoth- 
esis vtII be discussed in some detail 

Procedure 

The tissue samples of 50 mg each of bone, dentin, and enamel (10) of 
60 mesh particle size and apatite No 34 (11) were used Each sample was 
stirred with 25 ml of ladioactive phosphate solution for increasing lengths 
of time up to 240 houm The tests w'ere made at least m quadruplicate 
and frequently in groups of eight The P^^ w as obtained as H 3 PO 4 and 
had been prepared by deuteion bombardment of red phosphorus Badio- 
activity was deteimmed on scale-of-foui Geiger-Muller counters (12) 
Only three concentrations of NayHP 04 solutions were used, analyzed, they 
gave values almost precisely 2 X 10~^, 2 X 10"’, and 2 X 10"' Mi respec- 
tively Inorganic phosphorus wus determmed by a modified Fishe an 
Subbarow procedure The coloi wus read m a photoelectric colorimeter 
with a green filter 

Two adsorption procedures wure used, in one, the sohd-hquid system 
agitated by stirring (9), in the other a shalvmg method was employed (1 ) 
After stirrmg or shaking, the solutions wure centrifuged for 10 minutes an 
decanted The solids w'ere dissolved in 2 ml of 3 N HCl, and then dilute 
suitably wuth water for radioactivity determmations 

The imtial steps of the desoiption piocedure were exactly the same as 
those m the adsorption method After centiifugation, howeier, the so 1 ^ 
samples were resuspended in 25 ml of an inactive phosphate 
of the same concentration as that used m the adsorption procedure 
desorption for the desired time, the solutions were centrifuged an 
sohds dissolved in HCl 

I The term "adsorption," as used in this paper, neither implies nor jp 

change in the total amount of phosphate at the interface Adsorp reverse 

describe the transfer of from the solution to the solid, desorpiton is 

process , 
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licsults 

The a^erage percentages of adsorbed by bone, apatite, dentin, and 
enamel fiom the three Na 2 HP 04 solutions aie gnen in Table I Vaiious 
time intcnals aie indicated foi each concentiation It is evident that 
theic aie characteiistic difteienccs depending (a) on the phosphate concen- 
tiation, (6) on adsoiption time, and (c) on the solid phase exposed to the 
solutions In Fig 1, the typical time couiscs of the adsorption up to 8 houi-s 
foi each of the four solids shon striking diflerences in adsoiption rates 

Table I 

Per Cent of P’* Adsorbed by Bone, Apatite, Denim, and Enamel from 10~^, 10~^, 
and 10~^ if Solutions of A^a HPOt in Periods Up to 8 Hours 

In each case the average adsorption per cents are given together with standard 
deviations 


Concentration 

Time 

1 

Bone 

Apatite 

Dentm 

Enamel 


hrs 



















2 X ir* 

1 

0 

47 

± 

0 

07 

0 91 ± 0 

07 

0 

24 ± 

0 

07 

0 

02 db 

0 

01 


2 

0 

56 

± 

0 

09 

0 95 ± 0 

08 

0 

30 ± 

0 

04 

0 

03 ± 

0 

01 


4 

0 

64 


0 

07 

1 00 ± 0 

05 

0 

40 ± 

0 

05 

0 

03 dr 

0 

02 


8 

0 

67 

rh 

0 

07 

1 01 ±0 

11 

0 

51 ± 

0 

05 

0 

04 

± 

0 

02 

2 X 10-^ 

0 25 

16 


± 

2 

2 

12 

± 1 

8 

1 

8 

dr 

0 

2 

0 

4 

d: 

0 

1 


0 5 

18 



0 

8 

15 

± 0 

9 

2 

6 


0 

3 

0 

5 

dr 

0 

1 


! 1 

23 



0 

9 

18 

rfc 1 

0 

3 

4 

ifc 

0 

7 

0 

8 

± 

0 

2 


2 

25 


± 

1 

1 

20 

± 1 

2 

4 

0 

dr 

0 

8 

1 

0 

± 

0 

0 


4 

1 28 


± 

3 

8 

21 

± 1 

4 

5 

8 

± 

0 

5 

1 

2 

± 

0 

2 


8 

31 


dz 

1 

4 

26 

± 0 

7 

6 

5 

± 

1 

2 

1 

3 

± 

0 

2 

2 X 10-‘ 

1 

72 


± 

0 

9 

39 

± 0 

8 

16 


± 

2 

0 

2 

1 

rt 

0 

6 


2 

7G 


± 

0 

8 

42 

± 1 

1 

23 


± 

2 

3 

2 

4 

± 

0 

8 


4 

81 



0 

7 

45 

± 1 

9 

29 



2 

8 

3 

8 

± 

1 

4 


8 

83 


± 

2 

6 

46 

± 1 

1 

38 


± 

2 

1 

5 

0 

± 

1 

0 


In Fig 2, the couise of adsorption on bone is illustrated foi a period up 
to 240 hours in contact nitli a solution of 2 >C 10~“ m XjiHPO^, and the 
cune for desorption is shomi covering the same length of time Tlie 
samples used foi the desorption studies had all previously been thiough 
an adsoiption exposure of 10 days to a solution of 2 X 10“^ vi NaoHP04 
Exchange Versus Deposition — The tn viiio deposition of P^- in bone has 
been lepeatedly showm iindei a varietj"^ of conditions to giv e the Ficimdhch 
adsorption isotherm It can easilj'' be showm that this adsoiption is not 
merely a simultaneous deposition of P*^ and P^- in the lelative amounts 
present m the solution For example, in Fig 1 the percentages of P’- 
lemovmd from solution by bone rose lapidly, so that m 8 houis about 30 
per cent of the P=- originally m the 2 X 10 -’ m solution vvaS found m the 
solid The sample of 25 ml solution contamed 1 55 mg of P’' wath suf- 
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ficient to piovide about 10,000 counts per mmute on our scalc-of-four 
Geigei-]\'Iullcr countei (12) If 30 pei cent of the plus P’- had been 

deposited, the solution should ha^e lost 30 pei cent of 1 55, oi roughly 0 5 
mg of P-^ Such a change in concentration would be easily detectable bj 
oidmaiy chemical means, hoiieaei, analyses of these solutions gave such 
V allies as 1 51, 1 53, 1 56, and 1 52 mg of P’* Obviously, the amount of 
P^^ in the solution had not changed, although a third of the P’- was now 
found on the poi\ dered bone These facts can be simply accounted for if 
P’* and P®^ of the solution exchanged mth P®^ of the bone 



HOURS 

Fio 1 Adsorption of by bone, apatite, dentin, and enamel Within 2 1“°^^ 
the rapid phase of adsorption has been succeeded by a slower process Bone a 
apatite adsorb much more strongly than dentin and enamel 


Qiiasi-Equilibna — ^In Fig 1 are shoira the rates of adsorption o 
fiom 2 X 10”® M phosphate solutions bj'^ foiii calcium phosphates 
cun'es represent at t anous times up to 8 houis of exposuie the percentages 
of P®® adsorbed by the solid phase in contact vnth solutions iihich iw 
contained 100 pei cent of the P®® , 

Each solid phase exhibited a pattern of increasing P®® percentages c 
acterized by an initial steep portion of the smooth curve which m an 
so had risen to about ti\o-thirds of the value obtained after 8 lioure ° ^ 
posuie Later, the more hoiizontal portions of the curve gave evi , 
a much slower, although steady, mciease m P®® percentage ^ ^ 

achievement of an appioximate plateau (a tjie 

attiibiited to exchange reactions on those surfaces quickly accessi e 
phosphate in solution 



PALKBNHEIM, NEUMAN, AND HODGE 


717 


Diffusion — It seeDis entirely leasonable to assume that the adsorption 
during the first 8 hours is a diffusion process, and a few data may be mar- 
shaled to support the assumption Fust, many diffusion phenomena are 
characterized by a proportionality between amounts diffused and the 
square root of the diffusion times Wlien the adsorption of P^- by bone, 
dentin, and enamel uas plotted against the square roots of times of ad- 
sorption, Imear relationships appeared (10), indicatmg that “diffusion is 
the limitmg factoi for each tissue” (9) Second, the P^- adsoiption from 
8 hours to 10 days may also mvolve some undefined diffusion process 
Additional support of this suggestion may be fohnd in an experiment on 
desorption lates Piffien amounts of P** adsorbed are plotted against the 
square i oot of time foi this period, the curve approximates hnearity When 
marked bone samples i\ere prepared by carrj^mg out the adsoiption pio- 
cedure for varymg lengths of time, viz 1, 2, 48, and 240 hoiiis, and then 
when each of these samples i\ as shaken with a P^^ solution foi 8 hoins, the 
peicentages of “adsoibed” P’' remainmg on the bone sample iieie, re- 
spectively, 38, 41, 51, and 65 per cent Such results would be expected if 
the longei adsoiption exposures had gn en time for laiger proportions of the 
P^- to diffuse into the less accessible portions of the bone particles In this 
experiment, the peicentages of P®- lemainmg on the bone have a Imear 
relationship to the square root of the adsorption times, theieby gnmg an 
additional mdication that diffusion processes might be im olved 

In summary, it may be said that the a\ affable data aie satisfactorily 
deseiibed by the hypothesis of an exchange reaction P®- exchanges with 
P’^ on crj’stal surfaces as speedily as diffusion i\ ill peimit 

Reversibility — As has been indicated, the prompt appeal ance of P® m a 
P^^ solution m contact iiith niaiked bone is some ei idence of lei crsibihty 
As expected, the desoiption ntes and amounts depend on the previous 
treatment of the maiked bone samples, especially on the duuition of the 
adsoiption peiiod In a bone sample that has been exposed foi 1 lioui to 
a solution contammg P®- and then piopeiW i\ ashed mth water, two majoi 
piocesses occui when the desoiption pioceduie is begun (1) P’" exchanges 
wuth the P’' solution, and (2) P”- in the solution exchanges mth P^' on the 
deeper, less available bone ciystal surtaces In a few houis, a plateau of 
P^" content m the solid is attained which represents no cnticalh defined 
state 

From the studies of adsorption, only small magnitude changes m the 
P®‘ content of bone occur from day to day from the 6th to the 10th days 
Because this peiiod might offer a more ncarty fixed condition, adsorption 
studies weie earned out for 10 dax's, the samples were washed, and de- 
soiption exposures were made foi an additional 10 dax' period (Fig 2) 
ilfter 10 days the distribution between the solid and the solution should be 
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appioMmately the same icgaidless of whethei the P’- in the solid oi in 
the solution initiallj The neaily equal distribution showi in the figure 
aiises from the equality of amounts of phosphorus (a) in the solution and 
(6) in the exchangeable position^ in bone crystals 
Exchangeable Fi action — The amount of P^-adsoibed by bone and partic- 
ularly the peicentage of the total bone phosphorus nhicli this represents 
aie numbeis of physiological inteiest A simple calculation gnes the 
fraction of bone phosphouis exchanged, the P^- and P^' latio of the solution 
may be taken as identic \l y\ith the P’- to P’' ratio of that solid phosphorus 
which has taken pai t m the exchange The P’" content of the solid and the 



Fig 2 A.dsorptioa and desorption of P’", pow dered bone In a 10 dai 
almost one half of the P’- is adsorbed from a 2 X m solution of disodiuro P 
phate onto pon dered bone (lower cur\ c) When this bone is repla’sd in a boIu w 
of the same concentration but containing initially no P’=, desorption of fr®® 
solid bone into the solution has removed ncarlj one-half of the P^^ in a 10 daj P®u 
(upper curve) The ordinate represents the percentage of total P’ on the bone i 
each, expenment 


solution is deteimuied by toimtmg procedures, the P^* content of ^ 
solution IS obtained by anal 3 'sis, thus the fi action of P^' of bone 
the exchange leaction mav be computed Since the total bone phosp ion 
is loxown fiom duect analj’’sis, the fraction exchanging may be calcu a 
The exchanged fi action mcieases i apidly m the first 8 houis of adsorp lon^ 
about 5 oi 6 pei cent has exchanged in an horn and neailj’’ 12 pci cen ^ ^ 
8 hours This lapid mciease ceases aftei S hours and is succeede 
much slouei mciease, 15 pei cent has exchanged in 4 or 5 days an ‘ 

19 per cent b'v the 10th dai Tu o comments maj be added ’g^me- 

fractions obtained on powdered bone m miro arc closelj’’ similar bu 
what larger m each instance than the fractions exchanged in rat on 
tiro, as detei mined by Neuman and Rilej’^ (3), they found that a ou 
cent had exchanged m 1 houi and predict that about 15 per cen ma. 
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mately take part iii the exchange It is sui pi ising that phosphoi us in blood 
has neaily as gieat access to the intact bone in the living annual as a solution 
of phosphorus has to poudeied bone ash m the test-tube Second, the 
appaient limit of about 19 pei cent in the 10 day adsorption study may 
ha^ e a physical significance About one-fifth of the phosphoms atoms m 
the bone mineial uould be on cij^stal suifaces if the crystals are hexagonal 
needles about 10“' cm long The possibility of mterior phosphorus atoms 
entcrmg this leaction (at least m the imtial phase) is so remote that the 
fi action of the P'* m the surface layer is ceitamly the physical limit of the 
exchange 

In phosphate solutions of not too great dilution, the exchangeable fraction 
may be used to pi edict the P'- distribution when powdered bone is exposed 
foi peiiods up to 8 houis Thus, at 2 X 10“' ai, 25 ml of solution contain 
155 mg of phosphorus 50 mg of bone ash contam 0 92 mg of exchange- 
able phosphorus The pei cent of phosphoi us in the solution phase is 
99 3 By coincidence, exactlj'^ this figure was found foi the percentage of 
P'- in the solution aftei 8 hour adsorption exposure 

25 ml of 2 X 10“' ji phosphate contam 1 55 mg of phosphoms, which 
IS 66 7 pel cent of that in the exchange leaction At 8 hours, 68 9 pei cent 
of the P" was found in the solution At great dilutions (2 X 10“'), the 
rate of exchange is so much slon ei that the distribution is incomplete aftei 
8 hours, and the results are not diiectlj comparable 

Relative Adsorption by Bone, Apatite, Dentin, and Enamel — Bone and 
, apatite adsorbed relatively large pei centages of the P" and the time ( ourscs 
A\eie quite similar, although at each time bone adsorbed somewhat more 
than apatite Dentin and enamel adsoibed P" much more slowlj', but 
otherwnse in comparable courses, dentin at each time mtenal adsorbed 
more than enamel 

In Table I are given the values foi the percentages of P" adsoibed bv the 
foui solids exposed to three different concentrations of phosphate solutions 
{mz , 2 X 10“', 2 X 10“', 2 X 10“' m) for periods up to 8 hours The 
magnitude of the expeiimental variation is mdicated by the standard de- 
viations for each aAreiage Setting the percentage of P" adsoibed Iia 
enamel as unity, the lelative adsorption by dentin, apatite, and bone maj 
be seen fiom Table II 

The relative adsoiptions mamtamed a fairly consistent difference rc- 
gaidless of solution concentrations, dentin adsorbed 5 to 10 times as much 
as enamel, bone adsoibed 16 to 23 times as much as enamel It apii-’ar^ 
that the a alues foi apatite may not be comparable, perhaps as a result of 
incieasmg hydiol 3 '^sis wath increasing dilution The apparent tendencA 
toAA'aid smaller adsorption percentages for apatite with greater dilution 
may be an aitifact, smee the solution after exposure for 8 hours to 50 mg 
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of apatite contained 0 6 mg of phosphorus per 25 ml instead of the 0 OIC 
mg of phosphorus piescnt initially This anomaly is of seconder}' im- 
portance to the major observation, namelj', that in these studies, as has 
been repoi ted before, bone adsorbed more than dentin, which adsorbed 
moie than enamel That the time curve for adsorption of P’’ by bone was 
closely similar to that b}' apatite in each of the three concentrations studied 
may be taken as evidence of a fundamental similarity of molecular struc- 
ture 

Magnitude of Crystal Surface — Pondeied bone, dentm, and enamel of the 
60 mesh size used aie tiny particles of calcium phosphate, but the particle 
surface is not the surface controlling the exchange adsoi ption of P“ Manlj 
and Levj (8) showed that the location of the adsoi ption isotheim ccleris 
panbus was independent of particle size, t e , the same P®” adsorption from 
hot glycol solution was obtained on particles of bone of 40 to 60 mesh size 
as on pai tides, all of which passed a 100 mesh scieen In the current 
study a few samples of powdered bone were exposed to aqueous 2 X 10~* 


Table II 

Relative Adsorptive Power by Dentin, Apatite, and Bone 


Solution concentratioa 

Eniunol 

Dentm 

Apatite 

jr 

2 X 10-1 

1 

10 

25 

2 X 10-’ 

1 

5 

19 

2 X 10-' 

1 

8 

9 


Bone 


16 

23 

16 


M phosphate solutions, ^allatlOll in particle sizes fiom 60 to 200 mes 
produced no alteration of tlie P^- adsoi ption Since a deemase in aieragc 
particle diametei of one-thnd should lesult m an mciease m particle surface 
aiea of the oidei of nine times, it would appeal that some othei than 'C 
particle suiface is taking part in the exchange , 

Bony tissues contain cnstals of hydioxw apatite hud in a 3 dimension 
lattice of piotem (e g , collagen, keiatin) fibcis These cij'stals are su 
micioscopic and haic been estimated to be of the ordei of 10“ cm 
(14) Such mmute ciystals would have a veij large surface per gm 

ISfoel V Wood, Ji ,- has measiiied the suiface aa ailable for adsorption^ 
powdeied bone, dentm, and enamel samples bj measunng the pressure^ 
volume lelationships at leiw low tempeiatures and aeiv low 
nitrogen gas in contact with the lespective powdeis On 60 mesh 
samples, he found the follow mg amazmg a allies for specific surfaces o ^ 
99 3, apatite 51 1, dentm 2 4, and enimel 1 S sq m per gm It is appn 
that an “lunei” suiface must be actnc and that the magnitii e o 
adsoibmg suiface is extraoi dmarily laige 

- Wood, N V , Jr , personal communication 
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If this suiface is to be asciibed to the minute ciystals of hydroxyapatite, 
some lough appioximations of the size of crj^stals to have such total aieas 
ma'i be made Thus, if the ciystals were appi oximately cubic, the aiea 
of N pai tides vould be jV X 6 X (when S is the length of a side) and 
the ^olume ^^ould be NS^ Since the density of bone is about 2, 1 ml 
Mould haie a specific surface of appi oximately 200 sqm , oi 2 X 10® sq 
cm Simultaneouslj solving the two equations, aiea = iY X 6 X = 
2 X 10® cm, and ^olume = jV X <S® = 1 cc , gives an appiox- 
imate “length” of the hydiox-^ apatite crystals of 3 X 10~® cm This is in 
excellent agi cement nitli the figure of 10“® cm obtamed bj Bale wath 
x-ray difii action methods With similai assumptions, the approximate 
length of an enamel and of a deutm ciystal is 10“'* cm , which is somewhat 
larger than the ordei of magnitude leported by Bale These calculations 


Table III 

Exchangeable Fractions Determined after 8 Hours Exposure 


Solid 

Specific surface 

. 

Exchanscable fraction 

Experimental 

Calculated 

Bone 

sq tn per gm 

100 


per cent 

Apatite 

65 


6 C 

Dentin 

2 4 


0 3 

Enamel 

1 8 

0 25 

0 2 


serve only to indicate that the specific surfaces, large as they seem, are of 
such magnitude as to agree with pieviously detei mined dimensions of the 
hydroxyapatite crystals 

The exchangeable fi actions deterramed aftei 8 hours of exposure of bone, 
dentin, and enamel to 2 X 10 ~’ m phosphate solutions are each of an order 
of magnitude which coiiesponds wath the specific suiface measurements, 
as determined by the nitrogen adsoiption studies (Table III) 

In Table III, the specific surfaces and experunentallj determined ex- 
changeable fi actions are listed On the basis of the bone \ allies, iiz 
100 sq m per gm coriesponding to 12 pei cent of exchangeable phosphorus, 
the calculated exchangeable fi actions are given as simple propoitions 
The agreement of estimated and experimental values is strikmg and seems 
to strengthen the concept of the surface-limited exchange 

SUMJLVRX 

1 The adsoiption of by powdered bone, dentin, enamel, and syn- 
thetic hydroxyapatite has been measuied in mho from seieral coneentra- 
tions of aqueous phosphate solution 
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2 The process may be described as an exchange m which nearly one- 
fifth of the phosphorus atoms in the solid bone may ultimately take part 

3 The adsoiption presumabty cccuis on the surfaces of the ultia micio- 
scopic ci'jstals of hydroxyapatite, measuieracnts of specific suiface area 
show that laige adsoibing suifaces aie piesent 

The authors w ish to acknowledge the aid of Di Lewis McCarty in the 
discussion of the physicochemical aspects of this woik, of Mr Bernard 
Sims foi maintenance of the Geigei-Mullei counteis, and of SIiss Alice 
Messinger and Mrs Iienc Nowak foi then assistance with the counting 
Dr Robley^ D Evans, Massachusetts Institute of Technology , supplied the 
ladioactne phosphorus, Di Robcit Likins mtioduced us to Mi NoelA'^ 
AA''ood, Ji , who peifoimcd the lutiogcn adsoiption measurements 
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STUDIES IN PETAL METABOLISM* 
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The origin of the constituents of the mammalian fetus has been the sub- 
ject of contioteisv, the liteiatuie of which has been e\haustivelj'' retieiied 
bj’’ Needham (1, 2) and Huggett (3) Two piocesses come mto considera- 
tion tiansplacental absoiption fiom the maternal circulation and sjmthesis 
m the tissues of the fetus propei 

In regal d to the tiansplacental passage of fatty acids, the most impressive 
evidence has been the finding of elaidic acid in the fetal fat after the feedmg 
of this abnormal fatty acid to piegnant animals (4, 5) Unequivocal 
pi oof foi the sjnthesis of fatty acids (6) and cholesterol (7) m the chick 
embryo has been adduced, but similar evidence in the mammalian fetus 
IS lackmg Theie appears to be no reasonable doubt that glucose crosses 
the placenta, and the relative abundance of fetal glycogen, compared with 
concentrations in adult tissues, has repeatedly been obser\ed WTiethei 
the latter results from excessive glycogen deposition or lack of gl 3 ’'cogen 
mobilization has not been determined 
The view that epmephnne crosses the placenta has been fa\oied bj 
some woikeis and contested liy others When epinephrine was adminis- 
tered to piegnant animals, no fall in fetal glycogen content was detected 
(8) Similailj’' the transplacental passage of msulin has been the subject of 
controversy The most frequent argument has centered about the increase 
m glucose tolerance incident to pregnancy in the diabetic (9, 10), but this 
may be ascribed to the large consumption of maternal glucose bj’^ the 
growmg fetus and need not indicate passage of fetal insulm into the ma- 
ternal circulation (11) 

The isotopic tracer technique seems to be well adapted to the studj 
of some of these pioblems The expeiiments here reported ha\e been de- 
signed to imestigate (a) the tiansplacental migration of certam bodj' 
constituents, (6) the fetal synthesis of certain constituents, and (c) the con- 

* Tins work was carried out with the aid of grants from the 14utntion Foundation, 
Inc , and the Josiah Macy, Jr , Foundation 

t Submitted by William Henry Goldwater in partial fulSlment of the requirements 
for the degree of Doctor of Philosophy in the Faculty of Pure Science, Columbia 
Umversity Present address, Mount Sinai Hospital, New York 

t Present address, Department of Biological Chemistrj , Han ard Medical School, 
Boston 
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trol exerted on certain fetal metabolic processes by the maternal endocrine 
state Pregnant lats, in mIiicIi the placenta is, as m the human, of the 
“hemo-chorial” vaiiety (2), weie employed m this mvestigation 

The transplacental passage of fatty acids and of cholesteiol has been 
studied by the admiriistration to pregnant rats of samples of these ma- 
tenals suitably labeled with deuteviura, and the isolation of correspondmg 
products from then fetuses 

The s 3 mthesis by the fetus of fatty acids, of cholesteiol, and of glj'cogen 
has been investigated bj' measuiement of the late at which deuteiium 
appealed in these mateiials m fetuses which had developed in a medium 
containing D 2 O This teclmique has found successful apphcation m the 
adult ammal in the study of the synthesis of fatty acids (12), cholesterol 
(13), and glycogen (14) In the intcipretation of the present results, 
consideration had to be given to the fact that these mateiials were bemg 
synthesized m the maternal organism as well as in the fetus 

The effects of the injection of epinephime and of insulin mto the maternal 
circulation upon the quantity of the fetal gl> cogen har e also been studied 
If epinephrine crosses the placenta, and the fetal glj'cogen resenes aie 
susceptible to its mobilizing influence, diminution in the quantity of fetal 
glycogen should lesult Should insulin in the maternal circulation exert 
a diiect action on the fetus, one might anticipate, as m the adult animal, 
an inciease m the fetal glycogen leserves which, if laid down in the presence 
of DjO, w ould be pool 111 dcutei lum (15) If, on the other hand, the direct 
action of matcinally injected insulin xvas confined to the matemal tissues, 
the effect obseived in the fetus would be secondaij' to the decrease m 
maternal blood glucoMj and the inciease in the availability of 3 -carbon 
fragments derived fiom glucose (16) In the light of earlier studies on the 
adult animal (17), such a shift 111 the axailnbility of glycogen precursors 
xvould result m the deposition of gh'cogen iich in deuteiium when tie 
fetuses weie allowed to develop in a medium containing D 2 O 


EXPERIMENT VL 

Prepat afion of Isolofncolly Labeled Maienals — ^The ethyl esteis of the 
fatty acids obtained from Imseed oil weie leduced m the presence of p n 
tmum catalvst in an atmosphere of deuteiium (18) The maxed deuteno 
fatty acid esteis melted at 26 5-34° and contained 10 0 atom per cen 
excess . 

Deuteriocholesterol was prepared bj' the platinum-catalyzed exc ran 

reaction (19) between cholesterol, puiified over the dibiomide ^ 

D 2 O 9 7 ml of 99 5 per cent D 2 O were allow'ed to leact with 
of ordinary acetic anhydride and 600 mg of platinum oxide ( 
added and reduced with a stream of orchnarj' hydrogen Af er re 
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niGiit of the gas phase bj’’ Nj, G gm of purified cholesterol were introduced 
and 11 ashed in i\ith 4 ml of acetic anhydride The vessel was evacuated, 
sealed off, and shaken foi 3 daj^s at 125-128° 

Aftei icmoval of volatile solvents, the residue was taken up m 200 ml 
of methanol and the platinum lemoved by filtiation 4 0 gm of sohd 
KOH veie added to the filtiate and the mLvtuie allowed to stand at room 
temperature foi 4 days On chillmg, a crjstallme precipitate of cholesterol 
•was deposited, -which ivas filteied off and recrystalhzed fiom methanol 
After successive di-ymg ovei CaCb and P^Ob, the pioduct weighed 2 56 
gm (43 per cent of theory) and melted at 147 5-148° = —32 4° 

(2 per cent in CHCI 3 ) D,,3 91 atom per cent excess 
Animals and Diet — ^Three female albino rats of the Sherman strain, -weigh- 
ing 200 to 300 gm , -were placed in a cage wnth one male rat, and \agmal 
smears iveie studied each morning Thepiesence of speimatozoa Was taken 
as presumptive evidence of pregnancy,* and the piegnant rats were thereafter 
kept m individual cages vith vire mesh bottoms 
Except as noted belov, they were mamtamed on a standard diet 
comprismg com-staich 55 pei cent, casern 25 pei cent, laid 5 per cent, salt 
mixture (22) 5 per cent, yeast powder 5 per cent, and loughage (Celluia- 
tion) 5 per cent To eacli kilo of this diet vere added 12,000 U S P 
units of vitamm A, 1700 units of vitamin D, both in percomorph oil, and 
100 to 120 mg of a-tocopherol acetate m sesame oil These supplements 
were dissolved in melted lard, the lemaming mgredients of the diet -were 
then added in succession, and the whole mixture -w as homogenized m the 
ball mill for 24 hours In all the experiments, v\ ater and diet -w eie supplied 
ad libitum, and the animals consumed about 20 gm of diet dailj'- 

Feeding of Organic Compounds Labeled ivith Deuterium to Pregnant Rats — 
On the 18th day of gestation,- one rat was placed on a diet m which the 
laid was replaced by deuterio fattj acid ethyl esteis, weight for weight, 
and this legimen continued until the 20th dav , at which time the animal 
w'as killed To the diet of anotliei piegnant lat, 100 mg of deuteno- 
cholesteiol were added daily from the 13th to the 20th dav of gestation, 
and the rat then was killed 

Administration of DfD to Pregnant Rats — On the 18th day of pregnancj , 
SIX rats, mamtamed on the standard diet, were each giv'en a subcutaneous 
injection of 99 5 per cent DoO contammg 0 9 pei cent of NaCI, 1 ml pei 
100 gm of body weight The drinking water from this point on was 
' replaced by 2 per cent D 2 O This procedure established and maintained 
a concentration of D 2 O 111 the bodj fluids of 1 3 to 1 5 per cent The=e 

* Slanetz, C A , personal communication 

’ In describing the age of the fetuses and the duration of the pregnane} , the authors 
have elected to define zero time as the mormng on which pregnancj was diagnosed 
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rats were killed at intervals from J to 2 days after initiation of the heai’j 
watei regimen 

One rat was started on the heavy water legimen indicated above on the 
day follow mg the diagnosis of pregnancy and was continued on the standard 
diet ivith 2 per cent DjO m lieu of diinkmg w'ater until the 20th day, at 
which time the experiment ivas temunated 
Adminislraiion of Epinephrine and Insulin to Piegnant Rais — ^Two in- 
jections of epmephime, 0 1 ml of 1 5000 solution pei 100 gm of body 
w'eight, ■were given subcutaneously to two ISJ day-pregnant rats, 3 hours 
and 1 hour before the animals v,eiQ killed 
An 18 day-pregnant rat was placed on the hegxy w^atei regimen described 
above and, wdiile leceivmg the standard diet, was given at 12 hour intervals 
subcutaneous injections of 5 units of insuhn per 100 gm of body iveight 
The animal was killed on the 20th day, 1 hour aftei the last insulm injection 
Isolations and Analyses of Tissue Constituents — ^At the termination 
of the expel imental peiiods the animals A\eie asphy^xiated with N« The 
uteii were dissected out and then contents, fetuses, placentae, and mem- 
branes weie separated from the uterine walls along natural cleavage planes 
by blunt dissection The ammotic sacs were preseri ed intact as far as 
possible The numbei of fetuses encountered per piegnancy varied from 
b to 13, the fonner occurring in unilateral pregnancies 
The heart, lungs, spleen, and kidneys of the maternal oigamsm vere 
set aside foi isolation of a sample of body water (23) The maternal 
hvei-s, the minced eviscerated caicasses, and the pooled fetuses m each 
case w ere digested wnth hot aqueous 30 per cent KOH, the volume of the 
reagent appioximatmg the volume of the tissue After complete dism 
tegration of the tissues had occuired, glycogen was isolated from eaci 
portion and purified by previously desenbed methods (14) 

Non-sapomfiable material was isolated from the aqueous-alcoho ic 
alkaline supernatants fiom the initial glycogen precipitations by exhaustive 
exti action w ith peti oleum et her Cholesterol was isolated as its digitom e^ 
w'hich was dried in vacuo over P2O5 and paraffin The weights, 
the deuterium concentrations, of the cholesterol samples were 
from data experimentally obtained fiom the digitomdes wuth the formu a 
C27H46O C66H92O29 as a basis (24) 

Aftei sepal ation of the non-sapomfiable fractious from the a vam^ 
digests, the solutions were acidified to Congo red paper, fatty aci s 
extracted with petroleum ethei, and diied in vacuo over P2O6 and para 
The isolations of carcass lipide fractions were carried out on a iqu 
portions of the alkaline digests , ^ 

All deuterium analyses w ere earned out by the falling drop ec 1 

In the experiments m which epmephime was mjected, as isotope 


as wen no 

calculated 
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not used, isolation of pure glycogen Mas not necessary and glycogen Mas 
determined by the method of Good, Kramer, and Somogyi (26) 

DISCUSSION 

Passage of Fatty Acids across Placenta — ^^Tien deuteiio fatty acids re- 
placed the normal fatty acids in the diet of a piegnant rat for 2 days, the 
fatty acids Mhich M'eie isolated from the fetuses contamed a significant 
concentration of deuteiium (Table I) A comparison of the deutenum 
concentrations of the fatty acids fed and those isolated fiom the fetuses 
mdicates that about 1 5 per cent of the fattj’' acids recoveied from the 
fetuses Meie denved, dming this peiiod, from the maternal dietaiy fat 
The concentiation of D 2 O present m the body Mater Mas so Iom that no 
appreciable introduction of deuterium into fatty acids Mould ha\e resulted 
from lipogenesis From this finding it is concluded that essentially mtact 
fatty acids cross the rat placenta from the maternal to the fetal circulation, 
though apparent^ at a sIom rate The present evidence m as secured m ith 
isotopically labeled fatty acids nhich, m contiast to elaidic acid (4, 5), aie 
mdistmginshable fiom tho«e occunmg m natuie 

In accord Math the lesults of others (27), the incoipoiation of deuteiio 
fatt> acids into the diet has resulted in their appearance m the Iner and 
depot fat In the present instance, some 1 2 per cent of the maternal hi ei 
fattj’’ acids and about 1 per cent of the depot fatty acids are estimated to 
ha^e arisen from the fatty acids of the diet 

Passage of Cholesterol across Placenta — ^The addition of deuteriocholes- 
terol to the diet of a pregnant rat for 7 days resulted in the appearance of 
deutenocholesterol in the fetal sterols (Table I) From the deuterium 
concentrations of the sterol fed and the sterol isolated from the fetuses, 
it may be estimated that appro’vimately 10 7 per cent of the cholesterol 
foimd in the fetuses M’as derived from the deutenocholesterol which had 
been fed to the mother As in the piecedmg evperiment, the concentration 
of DoO found in the body M’^atei was too Iom' to alloM' for the introduction 
of appreciable amounts of D into cholesterol by sjmthetic processes In 
accord Math the reports of others (28), the addition of deutenocholesterol 
to the diet has resulted m its appearance m the maternal Iner After the 
diet had been enriched Math 100 mg of deuteiiocholesteiol per daj for 7 
days, about 40 per cent of the cholesterol recoiered fiom the Iner Mas 
found to have ongmated m the diet A moderate mcrease m the quantitj 
of cholesterol recovered from the maternal In er appears to haA e resulted 
from the dietaiy supplement 

From the foregomg lindmgs, it is concluded that essentiallj intact 
cholesteiol molecules cross the rat placenta from the maternal to the fetal 
circulation 

Experiments in Which DzO TFos Administered to Pregnant Pats — The 
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study of the synthesis of cholesteiol, fatty acids, and glycogen by the rat 
fetus co\eied the period fiom the 18th to the 20th day of pregnancy, a full 
teim in this species being about 21 daj'S It was found that samples of 
these mateiials adequate foi isotope analysis could be isolated from the 
fetuses at this stage of gestation The dui ations of the DjO regimens m the 
‘several rats, as well as the gioss u eights of the tissue fractions, are given 
in Table 11 During the pciiod of observation the average weight per 


Tabij: I 

Placental Pcrmcahtltly to Lipides 

Deuterium-labeled compounds ivere fed to pregnant rats, as indicated, and the 
rats were killed after 20 days of gestation 


Dcuteiio compound 



Fatty acid esters 

Ololesterol 

D concentration atom % 

Amount fed 

Duration of feeding days 

Total weight of rat, gm 

Maternal liver weight gm 

Weight and No of fetuses, gm 

10 0 

S% of diet 

2 

304 

14 17 

69 4 (11)* 

3 91 

100 mg per day 

7 

29S 
n 77 

49 8 (10)* 


Tissue 

content 

Deuterium 

Tissue 

content 

Dculcnun 

Fatty acids 

Cholesterol 

Body V atei 

Petal 

Maternal liver 
" carcass 

Fetal 

Maternal liver 
“ carcass 

ftr eent\ 

0 60 

3 87 

6 6 

0 12 

0 23 

atom 
per cent 

0 17 

1 31 

0 10 

0 02 

<0 02 

0 02 

ter ctnl 

0 81 

4 61 

10 7 

0 16 

0 38 

0 12 

elm 
per etni 

0 02 
<0 02 

0 42 

1 58 

0 34 

0 01 


♦ The figures in parentheses are the numbers of fetuses per pregnancy 
t Maternal carcass v eight is defined as the total body v eight minus the weig 
of pregnancy All tissue weights are on the wet basis 


fetus inci eased from appioximately 3 to 
was no indication that this steady growth 

fetuses per piegnancy The concentiati — — j +h se 

samples veie all found to he between 1 30 and 1 46 per cent, an 
values were used as a basis for the calculated D concentrations of t e is 
lated tissue constituents, presented m Tables III to VII 

In the last of these e\periments, the DjO legimens was institute le 
following impiegnation and vas continued up to the 20th day y 
mancuvei it could be assured that viitually everj' molecue la 


tween 4 and 5 gm , and there 
as influenced by the number o 

., ■* J— « n+pr 
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synthesized in the fetus tliroughout its development was synthesized m a 
medium of heavy water, and it was expected that the isotope concen- 
trations of the fetal tissue constituents, mmimalty contaminated with 

Tabus II 

Rais Kept on Heavy Water Regimen 


Pregnant rats were injected with DjO and their body fluids kept enriched with 
D.O for the periods indicated, after which they were killed 


Da> 8 on DjO 

Total weight 

Liver weight 

No of fetuses 

Fetal 

weight 

Body water D 


gm ' 

gm 


gm 

atom Per cent 

18-18i 

356 

12 98 

13 

37 3 

1 45 

18-18i 

324 

11 64 

6 

17 6 

1 32 

18-18J 

I’ll 

10 57 

6 

19 7 

1 46 

18-19 

278 

12 61 

10 

34 5 

1 40 

18-19i 

355 

12 01 

10 

43 8 

1 37 

18-20 

312 

12 07 

10 

51 9 

1 30 

1-20 

304 

12 69 

10 

40 9 

1 42 


Table III 

Uptake of Deuterium by Fatly Acids in Pregnant Rats Whose Body Fluids TFerc 

Enriched mth DiO 


Days on DjO 

Fetal fatty acids 

1 

Liver fatty acids 

Carcass fatty acids 

Tissue 

content 

D 

Tissue 

content 

D 

Tissue 

content 

D 


per cent 

per cent body 
voter* 

Per cent 

per cent body 
voter 

per cent 

per cent body 
voter 

18-18i 

0 59 

4 4 

2 76 

7 0 

12 8 

0 42 

18-18i 

0 68 

6 5 

2 60 

12 0 

10 6 

0 76 

18-18i 

0 60 

11 6 

2 67 

15 2 

9 6 

0 89 

18-19 

0 64 

14 4 

2 32 

12 9 

9 9 

1 7 

18-19^ 

0 74 

21 6 

3 47 

16 9 

18 9 

0 64 

18-20 

0 75 

21 7 

4 49 

13 2 

11 4 

2 8 

1-20 

0 74 

38 9 

2 79 

20 3 

9 2 

14 7 


* In this and subsequent tables the reported deuterium concentrations have been 
calculated from the analytical values as 


D concentration in constituent 
D concentration in body water 


X 100 


preexistmg non-isotopic materials, would appioach theoreticallj’’ maximal 
values 

Fetal Synthesis of Fatty Acids — Comcident vath gron-th, the per cent of 
fatty acids m the fetal tissues appears to mcrease o\ er the period studied 
(Table III) Startmg on the I8th day, vhen D:0 admmistration vas 
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begun, a lapid appearance of deuterium occurred m the fetal fatty acids 
(cf Fig 1) Throughout this study less mdividual variation, m regard 
both to quantity and isotopic composition, was noted among the con- 
stituents of the fetuses than m the correspondmg constituents of the adult 
organism This we ascribe to the thermal and chemical constanc} of the 
environment m vhicli the fetus exists 



Felal Aje - Jays 

FiQ 1 Incorporation of deuterium into fetal fattj acids and cholesterol, wi 
body flmds enriched with D-O 


Smce the hi er is held to be the majoi site of fatty acid sjmt ^ 

adult mammal, the maternal fatty acid samples ° p con- 

would be expected to be those of the bver The finding o g 
centrations m the fatty acids of the fetuses than m ;„,eeds 

hvers, in the later samples, is ample mdication that lipo^ 
actively m the fetal tissues It is, of course, true tha J 
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{ yi’alf cl })( itc- u-^ ftl^Aoaen tn Prcpnant /Inh H7iorr Pody Flmdi l^erc 

/ r,cf rd rtth DsO 



1 ) ( tl {In 

rrl 

1 

1 1 Urr pl)ci rn 

j Carca ipbcoren 

1>M» r*- iMi 

/ 






i ’V-A 1 

n 

lit r 

Cc tr^l 

1) 

Ti ur 
content 

D 


fff 4f*il 1 

f f«f 1 ■'j 
rtUt 

fff te*‘t 

^ 1 * (tnt / iy ^ 
ittf 

ffr ee’it 

{'(r cent hedy 
^oter 

i‘' i''i 

0 1 

0 n 

1 10 

1 0 

0 13 

1 2 

1*' I'-j 

' fl i 

12 n 

1 OS 

! 1 

0 19 

3 9 

1*' i«i 

1 0 M i 

r. 1 

2 11 

1 13 1 

0 11 

3 G 

10 


IS n 

2 10 

11 S 

0 18 

5 1 

Iti-io; 

; n rj I 

21 0 

0 n 

1 3 

0 10 

3 9 

!<; 

' 0 >-7 1 

22 f. 

2 00 

, 32 7 

0 00 

10 4 

1-2.1 

1 0 7‘v 1 

‘ 1 

27 J 

2 15 

27 3 

0 14 

22 4 



Tic 2 bptftl<c of dcutcnum into fetal gljcogcn from body water Construction 
lines based on tlic point ((, t,) arc those referred to in the discussion on the synthesis 
of fetal glj cogen 


(onlain A gm of glycogen at ifaotopc conccntuitiou t at time i, if da/di 
rcprcFontH the rale at which glycogen is being sjmthesizcd and deposited 
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approximately half of the cholesteiol found in the fetus had ansen by 
synthetic processes in the preceding 2^ days This figure may be com- 
pared ith the half life of cholesterol in the adult mouse, which has been 
reported to he between 15 and 25 days (13), and in the rat liver, which has 
been reported as 5 to 10 day s (30) 

Fetal Synihests of Glycogen — ^Duimg the 2 days of obsenation the 
percentage of glycogen in rat fetuses approximately doubled, lepresenting 
an increase of about 40 pei cent per day (Table V) Expressed as weight 
of gly cogen per fetus, the increase m glycogen content, due to the coinci- 
dent fetal growth, is even more stnivmg The D concentration in the 
samples of fetal gly'cogen rose smoothly aftei the initiation of the heaiy 
w'ater legimen, and rapidly appi cached the experimentally determined 
maximal value of 27 4 per cent of the body w'ater, achiei ed in the fetuses 


Table 


Uptake of Deuterium by Cholesterol tn Pregnant Rats Whose Body Fluids Were 

Enriched mth DjO 


Days on DiO 

Fetal cholesterol 

Li\ er cholesterol 

Carcass cholesterol 

Tissue 

content 

o 

Tissue 

content 

D 

Tissue 

content 

D 


per cent 

per cent beip 
tetter 

per cent 

per eenl My 
titter 

per (Bit 

per cent 

teeUr 

18-18i 

0 11 

5 0 

0 18 

4 8 


25 

18-18!t 

0 14 

S 2 

0 20 

10 5 

0 08 

18-18i 

0 14 

11 3 

0 21 

11 3 


47 

18-19 

0 14 

16 4 

0 20 

13 6 

0 11 

1&-I9i 

0 15 

20 4 

0 22 

17 7 


39 

18-20 

0 16 

24 2 

0 27 

19 8 


6 7 

1-20 

0 15 

65 4 

0 19 

45 8 


34 8 


of the lat wEose body fluids had been enriched mth D;0 throughout 
gestation (Fig 2) This maximal value, it may be pointed out, is ia 
excellent agreement mth exdiapolated ralues previously determined or 
the glycogen of adult rat livei and caicass (14) On inspection it 
that half of this maximal isotope concentiation is attained m a o 
from 12 to IS hours, mdicatmg that half of tlie glycogen recovered from ra 
fetuses at this stage of dei elopment had been synthesized in 'pf 

This figure may be compaied mth earlier ei aluations of the half lyes 
hvei and carcass gb^cogen m the adult rat, 1 0 and 3 6 day^s respec n 

^ A more satisfactory- mterpietaUon of these data is based 
expected relationship between the late of increase m the isoto^ 
tration of fetal glycogen, di/dt, and the rate at f o^etus 

synthesized and deposited in the fetus, da/di (Fig 3) 
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T Atll 1 \ 

f yi’atf ci 1)( i!e- un tn Prcpnant Ualr H7iorr Fiody Flmdi Were 

J r,cf fd ril/t I),0 



1 ' 

1 |U 1 rf> 

1 

1 1 Wrr pl)ci rn 

Carca ^rl>corcn 

1>M» r*- iMi 








1 i 

r l> i 

( 

lit r 
€c tr-l 

n 

Ti ur 
content 

D 


ft* 

^ ft tr*( t •'j 

1 ffifrf j 

fff /r*t 

ft* etnf t 
ittf 

fff Ct*il 

ftr cent 6c<fy 
^ater 

i‘' i''i 

0 M 

; c n 

1 10 

1 0 

0 13 

1 2 

1*' I'-j 

‘ fl 

1 12 0 

1 *>1 

! S 

I 0 19 

3 9 

1*' i«* 

1 0 M 

! r. 

2 r. 

13 1 

0 IS 

3 G 

10 

, 0 VI 

j IS n 

2 20 

11 S 

0 18 

5 1 

Iti-io; 

: n 7J 

j 20 0 

0 n 

S 3 

0 10 

3 9 

!<; 

' 0 v; 

1 22 f. 

2 00 

32 7 

0 00 

10 4 

1-2^) 

1 0 7*' 

1 27 1 

2 IS 

1 

27 3 

0 14 

22 4 



Tic 2 bptftl<c of deutenum into fetal gljcogcn from body water Construction 
lines based on tlic point ((, t,) nro tliose referred to in the discussion on the synthesis 
of fetal glj cogen 


(onlain A gm of glycogen at ifaolopc conccntuitiou ^ at time f, if dafdi 
rcprcFontH the rale at winch glycogen is being sjmthesizcd and deposited 
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and dtt/dt the rate at nhich it is mobilized and destroyed, and if, further, 
it IS assumed that each nei\ mcrement of glj’-cogen has a constant isotope 
composition represented by t^ax. and that the glj’^cogen desfro}Td has an 
isotope composition at all times equal to t, then at time t -{■ dl 

W + <t4)(i + (It) = At +?niMc dA — tda 

from which the relationship gncn m Fig 3 may be deined In vien of 
the fact that A is a variable inadequately defined vnth respect to time, 
this expiession is not leadilj susceptible to integration, but a graphic 
solution IS easily obtamed At an arbitrary point ((, i) along the cune 
(Fig 2) a tangent has been constructed and perpendiculars ha\e been 
dropped from the point of tangency as veil as from the point of inter- 
section of the tangent uith the hne ? = Since the slope of the 

tangent, di/dt, is equal to Ai/Al, and smee At is, by constiuction, equal to 
imnx ~ 1, the fraction {dt / dl) / {tmox — t) becomes equal to 1/A?, where 



A ^rams 

(■) 17 ^ 



max ' ^ 

Fig 3 Relationship betw een rate of increase of isotope concentration and ratr 
of sjnthesis of fetal glycogen (c/ the text) 

At IS a measurable line segment At has a value close to 1 day, w hence it 
follows that da/dt = A/ At = about 500 mg of glycogen stmthesized per 
100 gm of fetal weight pel day m the 18f daj rat fetus Stated m anotlier 
waj’', the w'eight of gljmogen sjmthesized and deposited by the fetus per 
day, at tlus stage of dei elopmeut, is teiy nearly equal io the weight o 
glj cogen which it contams The difference between the rate atwhici 
glycogen is synthesized and the late at which it was found to accrue 
be accounted for by the destruction of fetal glycogen, wluch mai roug 1 
be estimated to pioceed at about GO per cent of the synthetic rate 

The lapid turnoxer of fetal gtycogen must be considered in conjunc ion 
with the fact that the contents of fat and glj cogen in the fetus are o >e 
same order of magnitude, m contrast to the situation in the adult m w n 
the quantity of fat is much laigei than that of glycogen I^Oieieas in 
adult animal it w as found that the quantity of fatty acids sjnithcsize a^^ 
deposited each day far exceeded the conesponding quantitj o gJOOo 
the reierse appears to be true in the fetus 
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\' ^\ <1 \ loii'lv Jit tlif tli^ruKMon t)f f lUv ncid synllicsis, i ttido 

• iM< nil, <'f point' ordirnd in the* (Itnt<>niim cnnconlrntions of the mn- 
'< rj' il rh( I’p II iinplf ■ . but wli'ilotcr the cmiH' of llm biological \ arnlion 
VI tho in iti rn >1 » if nn in, it wis not ojicr itiw upon the fctu>^ca 

} ijer' p,i 1<U\ (,1 riir;ru of J.jnnrphmir Injcdcd info Ihc Mother — 
Wb'ii iv> ,ii, pjT pinnt tits \\<rv Killed 1 hour iftcr the ‘•crond of two 
lU'ut 11 ( oi" iiiuitioii of t'jinif })lii me, the gUcogen rc'crtcs, both of 
iin. '■’( iiid b\ir, \ 111 found to bi\e been intrKedU depleted, as was 
ii.tKip i*< d ( ',n In uldition, it wa*- found tint the fetal content of 
ihd'gin hid dropped to ibniit 10 to 15 per cent of the normal \ahic 
( I d'h \ li 1 In'- Imding !■' not m leiord with the observations of \Yci- 
t! ( . 111 ' r (St, \ ho f ii!f d to d( tort i f ill in fet il ghcogon iftcr the injection 

1 vnij \ I 

I ^fr! tj ] piiifphrtnr eii I clol Glycnncn 

1 1 «' i*T ri(r 1 it Ml frn n nt" I illeil JSJ ilijs after tlic hlart of pregnanej The 

Mil 111 " ifCMvr.l {«fi itijrrtioti" (if cjiincplirinp, 3 liniirs and 1 Jiour before being 
1 ilb d He 1 1\ rn, f n ccntMitM of the tv'Uea ire coinparcd v ith those of an untreated 
p rp i' ril at the ran'' I tape The figures in parentheses arc Uio numbers of 
f( tu f jv r p-epiancv 


1 

ttfl } t 

i 

1 !»Tr 
Wdftll 

rcial 

tieifht j 

and no | 

1 

Gl> copen content 

Ictil 

1 i\cr 

Carcass 


1 

t" 

tn 

ftr ftnl 

fit cent 

Per eenl 

1 tilri lied rdiitrol 

' 321 1 

n Gi 

17 G (G) 

0 63 

1 38 

0 19 

1 pilK pliriii' injr rt( d 

' 23S 

10 31 1 

20 2 (8) 

0 015 

0 017 

0 002 

1 

i i 

13 01 j 

20 0 (10) 

0 OSS 

1 

0 082 

0 002 


of c jiiiu jihiiiK into jm'gii mt rata The ipp ircnt dpcicpancy may be due 
to tin 1 ipM of r-cvtril lioiire wbitb mlcnened between the injection and 
the t( rnim it ion of his c\i>eriment 

'J he most pi iiisibh i \phmation for the obtcncd fall in fetal glj cogen ib 
that a portion of the ejimephrmc which h id been injected into the maternal 
tvsiKs (rosMd (111 jihucntii and, m the fetuses, stimulated the mobih- 
7 it ion of gbiogcn, as it is Known to do m adult tissues Regaidless 
of the (juestion of the cipatily of the fetal adrenal medulla to liberate 
eimiephime, it may be inferred that the fetal glycogen stores aie to some 
('tent hubjut to the mflucncc of epinephrine present m the maternal 
I iiculation 

Effect v-pon Fetal Metahohe Processes of hisuhn Injected info the Mother — 
The repealed injection of insulin into a piegnant lat on the DoO regimen 
n suited m a maiKcd decrease m the quantity of maternal hvor glycogen, 
m accoid with lopoits of otheis (32) YHicica stnKmg changes in the 
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and daldl the rate at which it is mobilized and destrojed, and if, further, 
it IS assumed that each new mciement of gl 3 'cogen has a constant isotope 
composition represented bj- and that the gl} cogen destrojed has an 
isotope composition at all times equal to i, then at time I + dl 

(4 + + dl) = A% +11031.1?^ — ida 

from which the relationship gi\en m Fig 3 maj be denied In iien of 
the fact that ^ is a variable madequatelj' defined with respect to time, 
this expression is not leadilj susceptible to integration, but a graphic 
solution IS easilj' obtamed At an arbitrarj point (t, f) along the cune 
(Fig 2) a tangent has been constnictcd and perpendiculars haie been 
dropped from the point of tangenej’’ is well as from the point of mter- 
section of the tangent with the line i = Since the slope of the 

tangent, di/dl, is equal to Ai/At, and since Ai is, bj’’ construction, equal to 
imta — t the fraction (dt/dt)/(7mtx. — 0 becomes equal to 1/Af, where 



A ^rams 
(>) 


TT 


f 

max ' 

Fig 3 Relationship between rate of increase of isotope concentration and rat'' 
of Bjnthesis of fetal glj cogen (c/ the text) 

At IS a measurable line segment At has a t ahie close to 1 dav, whence it 
follows that da/dt = A /At — about 500 mg of glj’'cogcn sjuithc^ized F’* 
100 gm of fetal weight per daj"- in the ISf daj lat fetus Stated in anot icr 
wajr, the weight of gtycogen sj’-nthesized and deposited bj' the fetus per 
daj', at this stage of dexelopment, is xerj" neailj' equal to the weig ^ 
glycogen which it contams The difference between the rite at w ic i 
gtycogen is sjmthesized and the late at which it was foimd to accrue miis 
be accounted foi bj the destruction of fetal glj cogen, which may roug ) 
be estimated to proceed at about CO per cent of the sjnthetic rate 
The lapid tumoiei of fetal gljreogen must be considered m 
with the fact that the contents of fat and glj cogen in the fetus ue 
same order of magnitude, m contrast to the situation in the adu ^ 
the quantitj-- of fat is much laigei than that of gtycogen j jjjjd 

adult animal it w as found that the quantity of fatty acids sj^^t ic-iz 
deposited each daj’’ far exceeded the corresponding quantitj o gj 
the leierse appears to be tnie m the fetus 
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rc“-pon(linr fimlciKi ( ompdimds iii the fetucc*?, picning Ihit these com- 
pouiuK I ro'.s till' 1 it ))1 iceiil I 

llnnehmeiit df tlio bo(i\ fluids of pregn mt i its 111(11 D.O icsulted mthe 
rijiid incdiiioi ition of D into fel il phcogeii, f ittj icids, md cholesterol 
nl ntes iiiflii idng (hi( tho'^e rnmpoiiiuls -irc sinthcsized in the fetal 
org'vni‘-in 

'1 he d it I iiidit itc th it, in (lu i it fetus ipproaihing the 20 da}"- stage of 
deiclopnu nt , h ilf of the fet il glic ogen li id ariH'n bj sj nthesis in 12 to 18 
hoiii>, Il ilf of lh( fet il fittj acids in iboiit dai"!, iiid li ilf of the fetal 
rlioledcrol in 'iboiit 2^ dais The qiiiiititi of glycogen sjnthesizcd and 
dejincitcd in (lie fetus jxir da> was found to be approMmately equal to the 
total iniount of gl\ cogen present at this stage of dcielopment, % c , some 
'jOO ing i)er 100 gin of tissue The sintlictic Kites in the fetus are all 
ipprcciabli higher th in the corresponding rites in adult lats 
Injection of epineiilirine into the pregnant lat caused a diop in the 
content of fetal gli cogen, suggc-ting tint cpinepliiine crosses the placenta 
and tint fet il gli cogen is susceptible to its glicogenobdic stimulus 
Ihc iiijtetion of insulin into a picgnant lat containing D:0 in its body 
fluids c lUM (1 i slight UK re ISC in the dciiternim incoi pointed into fetal 
gljcogcn, f itti Kids, and cholesterol This is attributed not to any 
direct action of insulin m the fetus, but r ither to decreased availability of 
maternal glucose and inercascd uailabiliti of small fragments derived 
therefrom 
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MlCKomOLOCtlC Mi DErKUMIN'ATION OF THREONINE 
IN PROJElN.s VND LOODS 

Ih Mil 1 \ni) T llOUN, 1 ) liUI I 'll/ lOM S, and AMOS E BTiUM 

Omni thr Ilinenii tif Iluiiwii \iilnlton and Home J'conomics, AgricuUural Research 
idnini trnhoii^ I niinl Slntrs Di partment of \fjncnltiirr, Washington) 

(Hi n i\( il for piililir ilion, Mnj 8, 1017) 

]n<)nl\ ( mill of till '-iNld-n irtidcsdc'-cnbinKmcdi iforthcdclcrmmation 
<)i tlironiiino (l-lli) Iii\f tlir mtlioi'^ ictnallj dc\clnptd stondoid cunes 
md 1 ^' i\od niitonoE Ini of I lic^-c eight jiiildications outline the use of 
I'tn }i!oairni'i far call 1 ("i, 7, 10, 12, 13), two explain the use of Ladohaalhn 
arnhino'-m 17-3 (8,01 md one dr'-criiie-i the u‘^e of LadobaciUiis fermeiih 

K. (H) 

In the hlioriton, ittoinpts were made to develop standard cunes 
with I eidohnnllm arnhiuo‘iiis and Lcitcoiwsloc vicscnteroidcs P-GO wath 
niedi I prcMomh mod for inethionine and lysine (17, IS) A satisfactory 
1)1 ink could not he oht mu'd with Ladobacilhi'^ arabinosus With Lcu- 
(oiwfIoc mr'-dlirroulry a sifrmoidal curve was obtained The addition of 
d duiine, ino'-itol, aniinonium chloiidc, asparagine, pimelic acid, and 
xanthine did not di mge the nature of this ciirv'e Howev'er, the addition 
to or witlidi iwal in jiart of the serme from the medium caused an inciease 
01 dccrene of the sigmoidal pait of the curve, but at no concentiation of 
«eiine w is the inflection eliminated entirely 

A s itisfattorv' stand ud cuiv'c was prepaied by using Streptococcus 
farcalii ind the medium prcviouslj' used for methionine (17), wath the 
exception th it pvndoxine was replaced by 400 y of pyiidoxamine per litei 
( 10 ) 


liXPERIJIENTAIi 

Slrcpturoccuh faccahs'- was used in the assays desciibed m this papei 

Basal Medium — The basal medium was the same as that described m a 
pi ev lous paper (17), w ith the exception noted abov e 

Assay Procedure — ^Idic pioceduics followed for the cultures, inoculum, 
and picjiaration of samples wei e identical with those described for the assay 
of Ij sine (18) 

Prepaiation of Thicomne Standards — As Stokes and associates (5) have 
shown that only one-half of the racemate is active, threonine solutions 
1 angmg in concentrations fi om 5 to 100 y pei ml of the optically active 

‘ Obtained from the American Tj pc Culture Collection, Georgetown Umversitj 
School of Medicine, Washington, D C , marked Streptococcus faecahs No 9790 
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DETERAUNATIOK OF THREONINE 



MICROGRAMS OF dl THREONINE 
Fig 1 Standard titration curve 


Table I 

Recovery of Threomne Added to Protein Hydrolysate 


Protein hydrolysate 

Threomne 

In hydrol>sate* 

Added 

Total 

Found 



7 

y 

y 

y 

per 

Casein 

4 5 

10 

14 5 

15 0 

103 


9 0 

10 

19 0 

19 0 

100 


13 5 

10 

23 5 

23 5 

100 


18 0 

10 

28 0 

28 0 

100 

Corn, whole yellow 

2 35 

20 

22 35 

22 0 

9S 


4 70 

20 

24 70 

24 30 

yo 


7 05 

20 

27 05 

27 50 

102 

0\ muscle 

5 3 

10 

15 3 

15 5 

101 



20 

25 3 

25 5 

101 



30 

35 3 

35 7 

101 



40 

45 3 

45 8 

101 

ini 

Soy bean flour 

4 5 

20 

24 5 

24 8 

102 


9 0 

20 

29 0 

29 5 



13 5 

20 

33 5 

34 0 



* Uncorrected for moisture and ash 

isomei weie prepaied by tveigbing the de compound The 
piepaied with these solutions is showm m Fig 1 Titration va 
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J’\nii H 


Thrrnv,nr C’lni/riif nf .Snntr J’rntnnn and Toorf*! Dclcrmiiicd al Different Assay Levels 



Tfoifin 

lf\fl 

Tlifconinc 

found 

Material 

Protein 
assay level 

Threoninc 

found* 


T 

f(r €(nt 


y 

fer cent 

Corii,\\ho!( \cllo\\ 

VX) 

0 If. 

Gl\Liniii 

200 

2 75 


1,000 

0 17 


300 

2 76 


l.WO 

0 17 


400 

2 80 


2,000 

0 10 


500 

2 77 


2,V)0 

0 1C 


SOO 

2 75 


'■>,000 

0 r, 


1,200 

2 71 


7, WO 

0 r, 


1,600 

2 81 


10,000 

0 IS 



(2 76) 



(0 17) 

R\c, wliolc 

1,000 

0 44 

Coltonsred flour 

200 

2 10 


2,000 

0 44 


100 

2 12 


2,500 

0 44 


COO 

2 10 


3,000 

0 43 


WO 

2 12 


4,000 

0 44 



(2 11) 


5,000 

0 43 

rdoshn 

100 

1 0 


7,500 

0 43 


200 

1 1 


10,000 

0 45 


000 

1 1 



(0 44) 


100 

1 0 

Wheat, i\holc 

500 

0 50 



(1 05) 


1,000 

0 50 





1,500 

0 50 





2,000 

0 51 





2,500 

0 52 





5,000 

0 51 





7,500 

0 53 
(0 51) 


* Uncorrcctcd for moisture nnd ash The figures in parentheses represent 
nverngos 


Table III 

ncproduabihly of Threonine Content by Separate Assays* 


Material 

As5a> 1 

Assay 2 

Average 


per cent ! 

per cent 

per cent 

Casein 

4 52 

4 61 

4 51 

Corn, ivhole yellow 

0 47 

0 47 

0 47 

Ox muscle 

5 32 

5 31 

5 31 

Rye, whole 

0 44 

0 44 

0 44 

Soy bean flour 

2 25 

2 26 

2 25 


• Uncorrected for moisture and ash 


not altered by the addition to the medium of 1 2 mg of any of the nineteen 
amino acids 
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Table I 


Recovery of Threonine Added to Protein Hydrolysate 
[ Threonine 


Protein h>dro!jsate 


Casein 


Corn, nhole jellon 


0\ muscle 


Soy bean flour 
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I hr OuooDuu' \ ihics" ('1 ihlc IV) fouml foi the 1hii)j-one pi oleins and 
foo(K I'-^ncd ip:ro(' well with tlioce lepoilcd bj ollieis u^fing both micro- 
bioIoRH i! and clieniieal nietliods 


V mil rnbinlogu d melliod isde-ciibcd foi tlic determination of threonine 
uitli Slr( plnrorni‘i farmh’; 'J he proeodiiro Ins been applied to the a^sayof 
thiil\-oiip pioteins ind foods mill icsiilts wliuli agicc nell nith those 
obt nm d b\ bolli mierobiologu al and chcmital methods 

nninoouM'in 

1 '^li ml m vii, , Dunn, M S , and Itiibin, LB,/ liiol Client , 169, 177 (1913) 

2 lull) f-n Iv \ ,Xonnin,W II , lA-man, C M , II ile, F , and Blotter, L , / Biol 

CInn , 161, 016 (lOH) 
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Crude prcpantioiis of PRS infliienzi tints, obt lined bj’' high speed 
ceil (rifiignt ion of the chono illanloic fluid of infected chick embryos, con- 
Lun 'in inipuritt tiliich is siinilnr to substances claboiated normally by un- 
infected embrvo'' Electron microscope and ultracentiifuge measurements 
have shown tint the impuntj is smaller in size than the \mais (1-7), while 
vneobit} dctcriiiinalions revealed that it is much moie viscous (3, 4) 
Electrophoretic tests indicate that it is present to the e\tcnt of 10 to 20 
per cent (S) Rcmo\ il can be efTccted by selective adsorption 6f the virus 
on chicken red blood cells and subsequent elution therefrom (1, 9), by 
special methods of high “jpecd centrifugal fractionation (4), or by electro- 
phoretic fractionation (8) Puiificd aims thus obtained still contains, 
liowei er, is an intcgial part of its stnictuie, at least 20 per cent of antigenic 
groupings characteristic of the impuiity (9) 

Particles of a size intcmicdiatc between those of the normal material 
and those of the vinis occur in ccntnfugally isolated preparations of Lee 
influenza miiis (2, 10) and also, in some instances, of PRS virus (2, 11) 
Evidence has been presented which suggests that such particles may rep- 
resent degridation pioducts (2, 10) or, possibly, precuisors (11) ofthevinis 

Further studies of Lee \iius wuth the aid of sedimentation, viscosity, 
and electrophoretic measurements are presented in this paper Purification 
of crude preparations w'as attempted by centrifugal and electrophoretic 
fractionation procedures and by the adsorption-elution method, and the 
physical chemical and biological properties of the diffeient fractions were 
investigated 

Malenals and Methods 

The Lee stiain of influenza virus was supplied by Dr T Francis, Jr 
Fertile eggs that had been incubated for 10 days at 39° were each inoculated 

* Tho work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and The Rockefeller Institute for Medical Research It was carried 
out under the supervision of Dr W M Stanley to w horn acknowledgment is due for 
much valuable discussion and criticism The present address of the author is The 
Institute for Cancer Research, Philadelphia 
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0 1 ml of infectious clionoallantoic fluid at a dilution of 10“^ to 
10“®, incubated for a further 48 hours at 30°, and chilled overnight at 4° 
The shells above the air sacs vere removed vith the aid of a small ciicular 
saw, the chorioallantoic membianes were tom, and the fluids vere poured 
thiough glass vool in a funnel Good yields of fluid free from suspended 
material v eie obtained 

Agglutination titrations of chicken red blood cells v ere cai ned out by the 
method of Hirst and Pickels (12), as modified in this laboratoi^" (13) In- 
fectivity titeis veie determined with the use of chick embrj’-os (14, 15) 

Adsorption of Lee i nais on chicken red blood cells and elution theiefiom, 
origmallj’' described bj Hiret (16), was carried out on a large scale by the 
procedure desciibed by Shaip and coworkers (10), e\cept that a 1 5 per 
cent suspension of red cells w as used for the adsorption and 01 m phosphate 
buffei at pH 7 1 for the elution Also, c\cept wheie mdicated otherwise, 
a single adsorption and elution were pei formed WOien centnfiigally iso 
lated iinis was subjected to adsorption, it was first diluted to 0 05 mg of 
material per ml in 0 1 'll phosphate biilTcr, for higher concentrations re 
suited in losses After elution, the i irus w as subjected to tw o high speed 
centrifugation cycles as described below to remove low molecular weight 
mateiials aiising fiom the blood cells (17) Virus punfied by the red blood 
cell procedure wms designated “RBC” vims 

Sedimentation of the nrus fiom infectious chorioallantoic fluid was 
cained out by tw o 15 minute cj cles at 24,000 r r 'll (5, 17) In some cases, 
the Sharpies centrifuge was used for the first concentration step (17), fol 
lowed by a single sedimentation m the quantity ultiacentiifuge The 
final pellets wmie dissolved m 0 1 m potassium phosphate buffer at pll 7 1, 
and the solution was freed from aggregated material by centrifugation for 
half an hour at 3000 r p Ji in a Swedish type of angle centrifuge Ahtro 
gen was deteimmed by a micio-Kjeldahl method (18) and comerted to 
values for i ims on the basis of 9 7 per cent nitrogen in the viiiis (19) For 
fui ther purification w ith the aid of high speed centrifugation, cei tarn prepi 
rations of the “cmde” aims were earned through the special fiactionahon 
procedure described for Preparation 7 of Lauffer and Stanley (4) 
fractions obtained were designated the “heavy ' and “light” fractions 

Analj'^tical ultracentiifuge measurements w ere earned out m a Fsi^’or an 
Pickels centrifuge (20) equipped wuth a Svensson optical system 
Observed sedimentation rates weie coirected to standard conditions 
water at 20° as the theoretical medium The value, 0 863 ml 
the partial specific volume of anhydrous Lee vims preparations ( ^ 
used in the correction Tracings of sedimentation diagrams were ma e^^^ 
comparative purposes and for calculations of standard donations 
mentation rates wuthin mdnidual vims preparations These were 
>midwa3’' between the top and bottom edges of the Svensson cun os 
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\ i‘-(()'-ilN inciMircmcnls woic iniidc in 0 1 m polassium phosphate buffer 
It pH 7 1 nitli I 1 ml 0>l\\nkl \ i‘;tometci, as desciibed bj Lauffer and 
St uih \ (1) 

I lei Iroiihorotu inetliod'' wcie ippliod csscntialh as desciibed previoush" 
in siudi('- of I’HS Mill'' (S) Pellets of I cc \mis piepaiations to be used 
foi mil ID clei tiophoie^i" e\]ieiimcnts A\crc suspended in 0 02 m potassium 
liho'-ph ite bufTei it jilI 7 1 iiistcid of 0 02 m \eronal buffei at pH 7 4, 
sime unlike the I’HS sti im, the I ee simm was not leadih dispeised m the 
littir midiiim Furthei bet uise of the anomalous behaMOi of the Lee 
\mis jirt ]) ir itions m the \eioniI bufTci, mo\ing boundan electiophoietic 
studies were eirried out onK in 0 1 m potassium phosphate buffer at pH 
7 1 1 lit held strength in the mo\ing boundar\ studies was maintained 

at 1 l‘)\oIfs])ei em oi lower 

Results 

) 7fW au(l Chid cii Rid Rlaod Cell {qghdmating Activity of Starting 
Matirml — Infectious I ee chorioallantoic fluids tested in four different ex- 
periments posse-.^cd chicken led blood cell agglutination titeis of 54, 82, 
82, and 07 units per ml '1 he acciagc \alue, 78 units per ml , was loughlj" 
one fouith to one-hilf tint of PR8 choiioallantoic fluid (IS) Yields of 
li\ e prop irations of crude \ mis obtained b\ high speed centiifugation were 
0 020, 0 031, 0 034, 0 043, and 0 050 nig pei ml of chorioallantoic fluid, 
a^ or igiiig 0 037 mg poi ml The a\ eiage chicken red blood cell agglutinat- 
ing actn lt^ of fne ciaidc \ luis prepaiatiors was 1860 units pei mg , based 
on iridnidual c allies of 1400, 1040, 1900, 2080, and 2210 units per mg 
The Molds of the ciudc I ee viius were appioximatelj' two-thirds and the 
chicken red blood cell igglutmation titeis approximately one-half those 
obtained under optimum conditions for PR8 virus (18) 

Sedimentation Studies — Sedimentation diagrams of different fractions of 
Lee Mrus prepai ations aie shown in Fig 1 The cnide pieparation em- 
ployed as stalling material icieals two pnncipal components and appears 
similar to th it of Friedewald and Pickels (2) The light fraction contains 
an increased piopoition of the moie slowlj sedimenting component, while 
the coirespondmg heao fraction is piactically fiee from it The RBC 
prepaiation also appeals free fiom the slowlj’’ sedimenting component 
The sedimentation constants of the rapidlj"- sedimenting components of the 
tiude, light, hea\y, and RBC piepaiations weie 703, 648, 723, and 746 
Svedbeig units, lespectivclj , the vaiiation in which wall be leferred to later 

The relationship betw een concentration of virus and reciprocal of the sedi- 
mentation rate is shown graphically in Fig 2, in which a straight line was 
fitted to the expei imental data by the method of least squares RBC vims 
was used foi these measurements since, from the above studies together 
w itli othei s yet to be presented, it appeared the purest of the \ arious frac- 



748 


lee IJfELUBNZA VIRUS 



Light Fraction 



Heavy Fraction 


/ V 

f RBC Preparation 

Fig 1 Tracings of Svensson sedimentation diagrams of Lee influenza mras frac 
tions Positions of boundaries were chosen at which the relative homogeneities 
of the different fractions were best illustrated, and are not indicative of differences 
in sedimentation rates Concentrations of virus were apprommately 4 mg per ml 
The arrows represent the positions of the meniscus 



Cm of Virus per 100 Ml 

Fig 2 Relationship between concentration and the reciprocal of the sed 
tation rate of a preparation of Lee influenza virus 

tions tested The sedimentation constant at infinite dilution, determ 
from the graph, was 802 Svedberg units 
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Particles ^\lllcll ‘-cdinicnl at a rale as high as 800 Saedberg units iiould 
be expected (o dilTusc c\tremcl^ ‘^lowlj The spread in the boundanes 
during •sediment it ion is, therefore, indicafnc of the existence of a family of 
particles of shghth \anablc size or dcnsilx The standard deviations of 
the distnbiitioiis of the sedimentation rales foi the families of particles 
rejirescntcd b^ llioheax\ fnction and the RBCpieparationv ere calculated 
lo be 7 0 and 0 7 per cent, rcspcctneb, of the mean rate In teims of 
particle diameter-', the=e figures corresponded to standard deviations of 
3 } and 3 3 per cent The degree of homogeneil}’’ of the puiified Lee virus 
prcjiaralions is thus slightl} higher than that of centrifugally purified PRS 
virus preparations (1) 

The chicken red blood cell agglutination titers of the crude, light, heaxx 
and RPC frictions shown in Fig 1 weie 20S0, 2010, 2620, and 3010 units 
per mg , ro'-iiectu clj The data for the titcis show , first of all, the efficacy 
of centrifugal fncfioiiation in iiici easing the agglutinating actnity of crude 
Ice xinis preparations This was confiimed m another expeiiment in 
which the lotn itics of the cnidc, light, and heax}' fractions w'ere 1900, 1280, 
and 2600 units per mg , rcspcctnelj' The data also indicate that the RBC 
X mis pos-'CEsed a titer ex on higiier than that of the heaxy fractions This 
finding x\ as chocked by a further experiment in w Inch an RBC virus piepa- 
ration containing 2000 units per mg was obtained directly from a heaxy 
fraction containing onlv 2520 units pei mg In othei experiments, RBC 
xinis of 3020 units per mg was obtained fiom crude xurus of 2210 units 
per mg , and RBC x inis of 2770 units pei mg was prepared directl}'' fiom 
infectious chorioallantoic fluid The agglutination tests as a wffiole indicate 
that the slowlj sedimenting material possesses a lowei biological activity 
than the rapidlj' sedimenting component Furthennore, the highei activ- 
it}' of the RBC pieparations, compaied to those of the heaxy fractions, 
suggests the prc«ence of heaxy, inactixm mateiial in the latter This can 
be explained by the fact that an impurity of about the same particle w eight 
as the x'lrus xxould not be remoxed by the centrifugal fiactionation but 
would be remox^ed by the moie specific adsorption-elution method 

If it IS assumed that the chicken red blood cell agglutination titer of the 
RBC preparations represents that of pure virus and, further, that the pres- 
ence of impurity does not affect the titers, it can be estimated from the 
activities of the different preparations that the crude xnrus contained some- 
xvhat ovei 30 pei cent impunty, of wdiich txvo-thirds xvas of small particle 
size and one-third xx as of a size comparable to that of the virus 

Viscosity Studies — The intrinsic viscosities of the crude, light, heaxy, and 
RBC preparations shoxvn in Fig 1 w'ere found to be 36 4, 46 4, 33 4, and 
8 64, respectively It may be seen that preparations xvith low'^est sedimen- 
tation rates possess the highest viscosities, and xnce versa The results 
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suggest that the slowly sedimenting component contributes more to the 
viscosity than the rapidly sedunentmg one Furtheimore, since the RBC 
prepaiation possessed b\ far the lowest mscosity, it is probable that the 
moie Mscous mateinl represents impuiities, as was the case with the PE8 
vinis (4) In another experiment, a crude prepaiation of Lee nrus gaie 
an mtimsic viscosit} of 42 1, the RBC piepaiation onlj 9 86 To deter- 
mine whethei the iiscositj of this RBC prepaiation might be decreased 
further, it was subjected to a second adsorption and elution with red blood 
cells, follow ed by high speed centnfugation The final product showed, 



Fig 3 Relationslup between concentration and the specific Mscositv ofaprep^'^^ 

tion of Lee influenza nrus 


however, practically* no change, foi it possessed an intrinsic nscosit} of 
9 44 ' 

The lelationship between concentration and the specific viscositt ^o^ 
the RBC preparation used in the sedimentation studies of Fig 2 
giaphicallv in Fig 3 The intrinsic t iscositj , calculated fiom the s 
the straight line drawn thiough the expeiimental points, was 9 
differences in sedimentation rates at vaij ing concentrations of nrus, 
bv the data of Fig 2, can be accounted for veij^ closeh by 
differences m relatn e \ iscositj’’ provided b 3 ’’ the data of Fig 3 ^ 

cation of sedimentation late and relative aascosity jnelds near} 

^ alues over the range of concentiation of a mis studied This 24 ) 

IS in accord with that previously established wath other uruses f ’ ’j 
The sedimentation and aiscosity data for the aims fiactions o 
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ncti li(i\\('\rr \ lold con''! ml ic'^iilts wlicn dealt witli ns 'ibo\e, indicating 
ofTcels of Ollier, niiknow n f u lora in tlic«c instances 

If the I <'e Mni^" pirtielc'' ire 'i‘-Mimed to he splieiical, and the leported 
% iliic', of 0 S()3 ml iiergm and I lOJ gm pci nil are assumed for the anhy- 
drous irl 1 il s[)pcifie \ olnme and the ha dratcd densit j , respectn elj , of the 
pirtiehs (22), the llieorclicii intrinsic ai'scosila, calculated from the Ein- 
s(om cfjinlion (25), 17/17^ — I = 2 50<f>, whore (f) represents the volume frac- 
tion of ihe solute becomes 3 10 1 he discrepancj between this value and 

the \ due of 0 50 repoited alioie indicates the presence of small amounts 
of either Iiighh ms(ous impiirita or non-spherical aims stmetures such as 
the fil imenloiis and Iirmrhed forms reported ba' jMoslea' and Wj'ckoff (26) 
Simil ir calculations for the PR8 strain from aaaailable data (22) gi\e a value 



1 10 -1 Tracings of I/ongsaordi scanning diagrams of ascending boundanes of 
Ivce influcnrn \irus fractions TIic arrows indicate the positions of starting bound 
arics Inlcnals of time arc based on a field strength of 1 35 volts per cm (a) 
Crude unfractionatcd Miais, mobilities, 0 33, 0 52, and 0 65 X 10~‘ cm per second per 
\olt per cm , respectn clj (W Heavy centrifuge fraction, mobilities, 0 31, 0 47, 
and 0 05 X 10"‘ cm per second per volt per cm , respectively (c) RBC preparation, 
mobilities, 0 35 and 0 52 X I0"‘ cm per second per volt per cm , respectively 


of 1 73 for the theoretical intiinsic viscosity, vheieas the minimal experi- 
mental \alue leported has been 11 3 (4) 

Elcclrophorclic Studios — I\Ioting boundaiy electrophoi etic diagrams ob- 
tained for crude, heat-j^ and RBC fi actions of Lee tirus prepaiations aie 
shown in Fig 4 ‘ The light fractions were not studied b}’- the moving 
boundary method The crude virus exhibits three major components 
whose mobilities are 0 33, 0 52, and 0 65 X 10~'*cm pei second per volt 
per cm , respectively The heat'j’^ fraction also reveals these same com- 
ponents This indicates that the light material wLich was removed by 
centrifugal fractionation possessed an electrophoretic mobility approxi- 
mately the same as that of one or more of the heaa^ components, and thus 

* The sloping base lines, which may be noted in the electrophoretic diagrams of 
Fig 4, were also characteristic of sedimentation diagrams, as shown in Fig 1, and 
appeared to bo due in some waj to the high opalescence of the virus preparations 
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its removal was not readily detectable Diagrams for the RBC prepara- 
tion, on the other hand, reveal only tvo major components, the more 
rapidly migrating one in the crude and hea\fy preparations having been 
removed Other RBC preparations also showed only two components 
and differed from the preparation showm in Fig 4 in exhibiting greater or 
lesser spread of the boundaries during electrophoretic migration 

It IS evident from the data just described that the rapidly migrating com- 
ponent of the crude and heavy preparations represents an impunty and, 
further, that the apparent proportion of the impurity, as indicated by the 
areas under the peaks, is around 50 per cent To substantiate this evidence, 
electrophoretic fractionation w'as carried out A solution of crude virus 
containing 4 mg of material per ml was subjected to electrophoresis mth 
mechanical compensation (27) for a penod of time which, from the differ 
ences m rates of migration, should have placed the pure fast component in 
the uppermost compartment of the ascendmg limb of the U-tube and the 
slow'er components in the uppermost compartment of the descendmg limb 
The slow and fast fractions thus obtained possessed chicken red blood cell 
agglutination titers of 2770 and 108 units per mg , respectively Corre 
spending infectivity measurements in chick emblems yielded 50 per cent 
end-points at dilutions of 10~“** and 10"'®“ gm per ml By the agglutina- 
tion test, the slow fraction was, therefore, 26 times as active as the fast, 
by the infectiv ity measurements, 12 times as actn e The results obtained 
by the twm methods may be consideied in fair agreement wnthin their limits 
of accuracy Because of the possibility of contamination of the fast frac 
tion with the more slowly migrating mateiial during electrophoresis (8), 
the rapidly migrating component may actually have been completely in- 
active 

hlicro electrophoresis measurements yielded isoelectric points for the 
crude, light, heavy, and RBC preparations of 5 0, 4 6, 5 1, and 5 4, respee 
tivelj^ These results show' that centrifugal fractionation increased t e 
amount of acidic material in the light fraction and decreased the amoun 
in the heavy fraction The isoelectric point of the RBC preparation is 
much higher than that of the heavy fraction, indicating the presence o s ^ 
less acidic material This acidic material can nearlj' certainly be corre a e 
with the most rapidly moving boundaries of the crude and heavy fractions 
showm in Fig 4, the absence of which from the RBC preparation e\p am 


the higher isoelectric point obseiwed in that case 

Curves of mobility versus pH obtained by the micro electrop or 
method for several crude and punfied v inis preparations are showm 
6 The lower mobilities of the cmde virus on the acid side of the 
point and higher mobilities on the alkaline side, when gguce 

spending mobilities of the purified vims, reflect the influence o m p 
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in Wh' former of in ^CI(lle nnpuriti The agreement m results obtained 
for ehetropliorolicilii purified iinis with tiiose for RBC virus indicates 
eompiniile degree‘s of puriti for (he two different tjpes of preparations 
It --hould be pointed out (hat, in mow of tlie low degree of electrochemical 
homogi lu it\ of I ee i mis prep irations as shown bj the moving boundary 
diagrims of Tig 4 (lie \ dues of (ho mobilities shown m Fig 5 may at best 
be considered oiiK aierige, or ipproximate ones 



Fio 5 Mobilities nnd isoelectric points of crude, RBC, and electrophoretically 
purified Ix?e influenza virus preparations 


DISCLSSION 

Crude Lee virus preparations appear to contain impurities whose over-all 
charatteristics are a w idc range in particle sizes, a high t iscosity, and acidic 
electrophoretic properties The data also show^ that both the small and 
the large particles of the impui ity are inactive, viscous, and acidic Except 
for the range in particle size, these properties correspond m general to those 
of the normal heavy material elaborated by uninfected embryos If the 
large particles represent degiadation products or precursors of the virus, 
they must be much more asymmetric and possess a higher proportion of 
acidic groupings than the viiais itself 

Purified Lee virus pieparations show a higher sedimentation constant 
than corresponding prepaiations of PR8 viuis This confiims findmgs of 
othei w 01 kers (1 , 2, 10, 28) It may be noted, how'ever, that w hereas crude 
Lee virus in the present studies and those of the Duke University investiga- 
tors (10) appeared less homogeneous and lessreadih capable of purification 
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than PR8 virus, the PR8 strain was found the least homogeneous bj^ Friede- 
wald and Pickels (2) The possibility is therefore suggested that single 
strains of influenza vims may undergo mutation in different laboratones 
Salk (29) has recently reported additional evidence of such changes 

The isoelectric point of purified preparations of Lee ^ mis, namely about 
pH 5 4, was not significantly diffeient fiom that of the PRS strain The 
Lee vims showed a differently shaped cune of mobility versus pH, howeier, 
and Avas found less homogeneous in moving boundary tests than the PBS 
vims The appearance of a double electi ophoretic boundary for the Lee 
vims was an unusual finding, but seemed reproducible and characteristic 
of the strain under examination 

The average specific chicken red blood cell agglutinating actnitj of the 
purest Lee Aims preparations, about 3000 units per mg of vmis, vas sig- 
nificantly loAA er than maximum A^alues in the neighborhood of 4000 units 
per mg reported for the PRS strain (4, 5, S) Ixnight has already reported 
the same findings in agglutination measurements of RBC preparations of 
both strains (9) and so the distinction appears aabII established The 
differences are of piactical interest for purposes of charactenzation, al- 
though from a theoretical standpoint the arbitrary conditions of the test 
may taAmr the apparent activity of one stiain OAcr the other since, as has 
been shoAATi bj’’ Hirst (16), the tAvo Aumses behave someiAhat differently m 
their reactions \Aith led cells 


SUMAURl 

Cmde Lee vims preparations obtained by high speed centrifugation 
y ere found to contain 30 to 50 per cent of impurit 3 % based on measuremen s 
of chicken red blood cell agglutinating activity^ and electrophoretic 
The impurity" AA'as characterized by a wide range of particle sizes, ig 
A"iscosity, and acidic electrophoretic properties RemoA al of small size 
particles of impurity AA"as effected by fractional centiifugation, but e ec ro 
phoretic fractionation or adsorption of the Aurus on chicken red bloo ce s 
and elution therefrom aa as i equii ed to remoAm both large and small par ic e^ 
of impurity Large particles of the impurity aa ere similar to the a . 
sedimentation rate but moie like the noraial heaA^y material ela ora 
by uninfected embij'os in viscosity and electrophoretic properties 

Purified Lee a ims preparations exhibited a single sedimentable 
representing a family" of particles aa ith an aA"erage sedimentation con ^ ^ 
of 802 Svedberg units at infinite dilution and a standard deA"ia ion 
per cent from the mean sedimentation rate The intrinsic 
found to be 9 50 compared Avith the theoretical A"alue of 3 46 or s ^ 
particles calculated from available data AA"ith the aid of the 
tion, suggesting the presence of small amounts of either lug y ' 
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imril\ c)i non-'-iilimr il \ ini*' vtructurcs Moving boundary experiments 
re\cil(d tlie jm-'enco of Iwo \er\ <li[Tu‘'e boundaries, both appealing, how- 
ever, to repren’iit I be Miu'' The isocleotric point, delei mined by the 
iniero elect rojihore'-i', met liod, w IS it ipproximately pll 5 4 The chicken 
red bloiwl cell igghitin iting i(ti\it\ was 3000 units per mg , a value sig- 
nifieintK less than tint of ibout 1000 units per mg lepoited pieviously 
for the PHS strain 
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LETTERS TO THE EDITORS 


'lin: DEMOXSIRVTION OF IITE OXIDATION IN VR'O 
OF 1 HD METHYL GROUP OF METHIONINE^ 




Tlie rfccnt s\'ntlic‘=is* in tins laboratory of methionine contaimng 
in the mctbjl radical lias enabled us to demonstrate for the first tune the 
ovidation of the libile mcthjl group fed in the form of this ammo acid 
Fiirtlitrniore, the ^jothe^i® of radiomcthyl methionine has made possible 
a balance ‘^tvuK on the distribution of its methyl carbon in the organs 
and (icmts of the bodi, the expired air, and the unne and feces 

In the present experiment, 200 mg of irmetbionine contaimng 
m the mcthjl group Mere giicn by stomach tube to a 165 gm rat The 
animal \\ as immcdiatelj placed in an open circuit metabolism apparatus, 
and the expired carbon dioxide uas collected continuously m sodium 
hvdroxide solution Tlic carbon dioxide was precipitated at inteivals as 
banum carbonate, and its radioactivity determined by means of a thin 
mica mndon Goiger-hlullcr counter 

Tile prc'-cncc of radioactivity in the carbon dioxide collected even in 
tlic let hour of the experiment furmsbed conclusive proof that the labile 
methyl group, when ingested as methiomne, can be oxidized to carbon 
dioxide At the end of 12 hours, 17 per cent of the administered methyl 
carbon had appeared in this form 52 hours after the start of the experi- 
ment wc were able to account for 32 4 pei cent of the methyl carbon of 
the administered methiomne in the expired carbon dioxide During this 
time 14 G per cent of the methyl carbon w’as excreted in the urine and 0 4 
per cent in the feces 

The rat was sacuficed at 52 hours, and separate samples of its tissues 
and organs were burned The carbon dioxide evolved in each combustion 
was recovered as barium carbonate Radioactivity determinations indi- 
cated that the methyl carbon had been most highly concentrated in the 
kidneys, liver, and adrenals in the order named Intermediate concen- 
trations were found m the intestines, pancreas, and testes, while smaller 
concentratioas were found m the blood, skin, muscle, and brain 


♦The autliors wish to express their appreciation to the Lederle Laboratones 
Division, American Cianamid Company, for a grant-in aid which has helped to 

make this work possible r r, , icq Ain rinAT\ 

* Melville, D B , Rachele, J R , and Keller, E B , J Biol Chem ,169,419 (1947) 

IS! 
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Estimation, on the basis of the tissue analj’^ses, of the portion of the ong- 
inallj’- introduced methjd caibon still piesent in the rat’s body, and the 
addition of this sum to the amounts found in the expired carbon dioxide, 
the urine, and the feces, levealed that the recovery of the methyl carbon 
originally supplied as methionine as almost quantitative 

The availability of C“ meth3d iodide* together vnth the methods de 
veloped in the course of the present study has permitted us to initiate 
comparable investigations of the oxidation and distnbution of the methyl 
carbon of creatine, choline, and other methxd compounds Now that 
the oxidation of the labile methyl of methionine is e'^tabhshed, the inter- 
mediary^ products in its conversion to carbon dioxide and the determination 
of their r61es in metabolic processes become matters of considerable in- 
terest 
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jmetabolic connection between proline and 

GLYCINE IN THE AMINO ACID UTILIZATION OF 
TORULOPSIS UTILIS 

Sirs 

DL- Alanine and gljcine, the carbo\yl gioups of nhich contained an 
excess of C'^, have been gi\ en to Tondopsis yeast as a single carbon souice ^ 
After 120 minutes the j^east nas washed and hydiolyzed, argimne, lysine, 
glj^cine, glutamic acid, and aspartic acid were isolated in puie foim^ and 
fractions contaimng alanine, seiine, and piohne were piepaied These 
were treated wath ninhydrin^ and the COo liberated was analyzed m the 
mass spectrograph The results aie recoided m the table 



Per cent excess D* 

in a carbox>l group 

Ammo acids given to Tondopsis yeast 



DL Alanine 

2 17 


Gh cine 


2 22 

Amino acids isolated from hidrolysate 



Aspartic acid (both carboxy 1 groups) 

0 12 

0 08 

Glutamic acid 

0 09 

0 08 

Arginine 

0 14 


Lysine 


0 04 

Alanine fraction (+ small amounts of serine) 

0 25 


Leucine-pheny lalanine fraction 

0 12 


Valine fraction (+ small amounts of prohne) 

0 07 


Glycine (nitramlic acid removed) 


0 54 

Serine fraction (+ small amounts of alanine) 


0 46 

Prohne fraction 


0 29 

Whole yeast (total carbon) calculated 

0 03 

0 03 

Respiratory CO2 liberated during 



0- 45 min 

0 58 

0 32 

45- 90 “ 

0 57 

0 53 

90-120 “ 

0 41 

0 62 


In the alamne experiment the isotope appeared to be rathei evenlj’’ 
distributed among the various ammo acids, and showed a marked excess 
only in alanine itself In the glycine expeiiment the maiked carboxyl 
seems to have been preponderantlj'^ transferred to the seiine and prohne 

^ Sperber, E , Arf Kemi, Mineral o Geol , 21 A, No 3, 72 (1945) 

2 Sperber, E , J Biol Chem , 166, 75 (1946) Town, B W , Biochem J , 30, 
1837 (1936) 

’ Van Slyke, D D , MacFadven, D A , and Hamilton, P B , T Biol Chem , 160, 
251 (1943) 
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THE BIOTIN ACTIVITY OF A VACCENIC ACID FEACTION 
Sirs 

The recent demonstiations of the inteiielationship between biotin and 
^a^ous hpoidal substances in miciobial growth are significant m their 
iniph cations regaiding the mode of action of biotin Thus, oleic and elaidic 
acids* and a non-sapomfiable, ether-soluble substance fiom hydiolyzed 
plasma- have been shomi to replace biotm in the nutntion of Lactobacillus 
casci We liaA^e also piepared an ether-soluble, neutral material mth 
biotin-hke actunty from plasma, but, in contrast to the latter report, 
have found the actmty to be present in the saponifiable portion ® Work 
IS in progress to elucidate the nature of the active fatty acid(s) in tlus 


Biotin-Ltkc Activity of Various Fatty Acids 


Substance 

Activity as my biotin per mg substance, for 

Hemolytic i 
j streptococcus 

L arabttiosus 

L caset 

1 

S ccreustae 

Oleic acid 


6 0 

n 

0 6 

Elaidic acid 


1 0 


<0 05 

Vaccemc acid fraction 


1 2 

■■ 

<0 05 


fraction The recent leport of Boer ei al* attnbuting the giowth-pro- 
moting propel ties of summer buttei for rats to a vaccemc acid fraction 
stimulated oui interest in the possible microbiological activity of this 
fraction 

The vaccemc acid fi action (iodine number 84 6, m p 38°) was obtained 
from beef tallow by a modification of the procedure employed by Bertram ^ 
The biotin-hke activity of this fraction, as well as that of oleic and elaidic 
acids, was deterimned for the followng biotin-reqmring orgamsms a 
strain of hemolytic streptococcus group C, Lactobacillus arabinosus, Lacto- 
bacillus casei, and Saccharomyccs ceremsme 139 Highly purified basal 
media which are adequate for growrth when supplemented wath biotin 
W'ere employed in these studies The relative effectiveness of thevarious 
fatty acids in stimulating growrth under these conditions is shown m 
the table 

' Williams, V B, , and Fieger, E K , J Biol Chem , 166, 335 (1946) 

2 Trager, W , Proc Soc Exp Biol and Med , 64, 129 (1947) 

’ Hofmann, K , and A\elrod, A E , unpublished observations 
■* Boer, J , Jansen, B C P , and Kentie, A , J Nulr , 33, 339 (1947) 

' Bertram, S H , Btochem Z , 197, 433 (1928) 
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It IS endent that these fatt5'’ acids, although inactive for hemolytic strepto- 
coccus and S ccreinstae (inth the exception of oleic acid) , are capable of stim- 
ulating the giovdh of L aiabi7wsiis and L casei The microbiological 
aetmt}" of the vacccmc acid fraction is of mteiest in ^^evi' of its growth- 
promoting actmty for the lat As contiasted with i accenic acid, neither 
oleic acid nor elaidic acid has been shown to possess anj specific actmt} 
for higher animals 

Insliivte of Palhoiogy Wcslern Pcnnsijlvama Hospital A E Axeirod 

and the Department of Chemistry Kii\.us Hofmaw 

University of Pittsburgh B F Dacbert 

Pittsburgh 

Recen ed for publication, Julj 2, 1947 



PEPTIDE SYNTHESIS IN VIVO* 


Sirs 

Tlic meclianism of pi otein synthesis is not known It may be postulated 
tint ammo acids aie urn ted to form peptides, which in turn condense to 
form pioteins However, the obseived lapid lates of incorporation of 
labeled ammo acids into tissue proteins throw doubt upon the intermediary 
r61e of peptides m piotem synthesis 

The expel mient lepoited here demonstrates the formation of a C*^- 
labeled dipeptide, leucylglycme*, followmg the administration of a mixture 
of carboxyl-labeled i adioactive glycme (glycine*) and oi dmary L-leucme to 
rats Ordinarily this peptide might be utihzed so rapidly as to make its 
isolation impossible Hence it was trapped by the mjection of leucjd- 
glycme prior to sacrifice of the animals Subsequently the leucylglycme* 
was isolated from tissue extracts with the aid of additional carrier, and 
punfied to constant specific radioactivity 

Two 180 gm rats each leceived 25 mg of glycme* (20,000 counts pei 
mg pci minute) and 40 mg of n-leucme by way of the jugular vein 10 
minutes latei GO mg of leucylglycme were given by the same route After 
G more minutes the ammals were sacrificed (Other experiments showed 
that such a time interval does not permit the incorporation of sigmficant 
amounts of glycme* into pioteins ) The hvei, kidney, spleen, lung, and 
intestine of both ammals were collectively homogenized with 10 per cent 
tnchloroacetic acid The non-protem filtrate of these organs contamed 
70,000 counts pei minute (about 7 per cent of the admimstered glycme*) 
To this solution was added 1 gm of leucylglycme Then the trichloroacetic 
acid was removed by extraction vnth ether and the solution was concen- 
trated and adjusted to pH 5 8 The peptide was precipitated by the addi- 
tion of 2 to 3 volumes of acetone, and recrystalhzed six times by dissolving 
it in hot water, and then adding acetone 

The specific radioactivity of the lecovered leucylglycme* remained con- 
stant during the last three recrystalhzations The final product (185 
mg ) gave 8 0 counts per mg per minute Since 1 gm of earner had been 
added, the leucylglycme* would account foi 8000 out of /0,000 counts or 
about 11 pel cent of the total radioactivity of the trichloroacetic acid 
filtrate Evidently the experimental conditions chosen favored the pief- 
eiential synthesis of the peptide It may be mentioned that when siimlar 

* Aided by grants from the American Cancer Society (recommended by the 
Committee on Growth of the National Research Council) and the Rockefeller Foun- 
dation 
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expeiimeiits -weie conducted uith tissue homogenates the isolated leucyl- 
glycinc contained no detectable ladioactnuty"' 

The following tests indicate that the isolated leucylglycine'*' did not 
contain ficc glycine (1) No radioactive CO 2 was obtained upon treatment 
of the peptide with mnhydiin Following acid hj'diolysis of the peptide, 
radioactive CO 2 was liberated by ninhydnn (2) When glycine* was added 
to eitliei labeled (iccoveicd) Icucylgly'-cine 01 to ordinary leucylglycine, 
97 to 99 pel cent of the glycine could be iccoveied by two leciystalhzabons 

Division of Biochemrsiry Felix Fbiedberg 

University of California Medical School Theodore Winnick 

Berl eley David M Greenberg 

Rpecued for publication, Julj 7, 1947 



SYNTHESIS OF GLUTATHIONE IN ISOLATED LR^ER* 


Sirs 

The sj'iithesis of glutalliione, one of the few naturallj’- occuinng peptides 
■a Inch IS Mell chaiacteiized and icadilj’' obtainable fiom tissues, piondes 
a suitable model leaction foi the study of peptide bond formation In 
VIVO, glutathione is i egenei ated at a i apid rate * We have investigated the 
in vUio sjmthesis of glutathione by incubating rat livei shoes m the pres- 
ence of glj'cme labeled b 3 '^ N’^ Before incubation, small amounts of nor- 
mal glutathione veie added as caiuei in order to facihtate the subsequent 
recoierj of Inci glutathione The peptide uas isolated in the form of 
its cuprous meicaptide* Although the total quantity of glutathione 

Acrohjc Incubation of Rat Laver Slices iiilh Labeled Glycine and Acetylglycinc 
(32 0 Atom Per Cent Excess 

10 nil of Krebs’ phosphate buffer, 0 12 mM of labeled glj cine or acetylglycme 
and 10 mg of glutathione per gni of vet liver 



Atom per cent eicess N** in 

glutathione after addition of 

Gl>cine 

Acetylglycme 

hr 



0 5 

0 18 

0 11 

0 5 


0 12 

1 

0 14* 

0 24* 

U 

0 27 

0 26 

1 

0 29 

0 33 


* The medium contained in addition 0 05 mM of cysteine and glutamic acid- 


decreases under these conditions significant amounts of heavy nitrogen were 
incorporated into glutathione, demonstrating the entrance of the added 
glycine into peptide linkage It is estimated fi om these data that ap- 
proMmatcly 0 1 to 0 2 mg of glutathione v as synthesized pei gm of liver 
per houi This late is of the same order of magnitude as that determined 
by Waelsch and Rittenbeig* foi glutathione tuinoiei in the intact rat 
With labeled acetylglycme as the test substance the quantities of N'® 
incorporated into glutatluonc veie '-imilai to those obtained with free 
glycine The uptake of isotopic mtiogen by glutathione from glycine or 

* This V ork V as supported in part bi grants from the Dr Wallace C and Clara 
A Abbott Memonal Fund of the Umversitj of Chicago and from the Charles H 
and Mary F S Worcester Memorial Fund 

'Waelsch, H , and Rittenberg, D , J Biol Cheni , 139, 761 (1941) 

765 



768 


INDIX 


ides from beef brain and spinal cord, 

77 

Carter, Herbert E See Rhymer^ If al- 
lacc, Byers, and Carter, 457 

Chaikoff, I L See Ilanahan and Chai- 
loff, COO 

— See Taitrog and Chatloff, 49 
Chandler, Joseph P See Mackenzie, 
Chandler, Keller, Rachclc, Cross, Mel- 
ville, and du Vigncaud, 757 

Chanutin, Alfred Sec Gjessing and 
Chanuhn, G57 

Chmard, Francis P ,aiid Van Slyke, Don- 
ald D Cominrison of a modified 
Folin photometric procedure and the 
mnhjdrin manometne method foi the 
determination of amino acid nitrogen 
in plasma, 571 

Ciaramelli, L C See Mason, Potter, 
Rt/nearson, Ciaramelli, Lt, and Eians, 

223 

Cohen, Philip P , and McGilvery, R W 
Peptide bond sj nthesis II The for 
inationof p aminohippuneneid bi In or 
homogenates, 119 

Cross, Nancy Sec Mackenzie, Chandlci , 
Keller, Rachclc, Cro'^s, Melt tile, and 
du I igneaud 757 

Csonka, Frank A , Denton, Charles A , 
and Ringel, S J The methionine 
and c-\ stine content of hen’s eggs 259 

D 

Daniel, Louise J , Norns, L C , Scott, 
M L , and Heuser, G F Growth in 
hibition of bacteria bi sjiithctic pter 
ins I Studies with Streptococcus /ac- 
caZis, Lactobacillus casci, and Lacto- 
bacillus arabinosus, GS9 

Daubert, B F Sec Ixclrod, Hblmann, 
and Daiibcit, 761 

Day, Pnscilla See Michel and Schetn- 
berg, 277 

DeMeio, R H , and Hennques, F C , 
Jr Tellurium IV E\cretion and 
distribution in tissues studied with i 
radioactive isotope, 600 

Denton, Charles A See Csonka Den 
ton, and Ringcl, 259 


Deutsch, H F A studi of whej pro 
teins from the milk of lanous am 
mals, 437 

Dittmer, Karl, and du Vigneaud, Vin- 
cent Antibiotiii actniti of imidazo 
lidone aliphatic acids, 63 

Dobrmer, Konrad, Liebennan, Sey- 
mour, Hanton, L , Sarett, Lems 
Hastmgs, and Rhoads, C P The 
isolation of A’ etiocholenol-3(a)-ODe 
17 from human unne 221 

Dubnoff, Jacob W See Borsook and 
Dubnoff, 247, 461 

Dunn, Max S Sec Franklin, Lt, and 
Dunn, 515 


E 

Ehrensvard, G , Sperber, E , Saluste, 
E , Reio, L , and Stjemholm B 
Metabolic connection between proline 
and gl\ cine in the amino aeiil utihza 
tion of 7 01 iilopsis idilis, ’eB 

Elvehjem, C A See Gcyer, Rath, 
Bari I, Ehchjcm, and Hart, 237 

— See Jaffi and Ehehjcm, 3S7 

— See Lardy Potter, and Elrchjcm, 

iol 

Ely. Ray E See Olson, Elii, and Remekc, 

6SI 

Evans, E A , Jr See Allman and Etans, 

463 

Evans, H J Sec Bcholandcr and Eians, 

5ol 

Evans, Herbert M See Li, Kalman, 
and Evans, 

— See Mason, Poner, Rnnearson, Cia 

*^23 

ramclh, Lt, and Eians, 


alkenheim. Marlene, Neuman, WiUiam 
F, and Hodge, Harold Carpenter 
Phosplwte exchange as the nicchanisin 
for adsorption of the radioactu s iso op^ 
bj the calcified tissues, ' 

- See Hodge, MacLachlan Bio , 
Welch, Kornbero and Falkcnhc^^, 



VUTHORS 


769 


Fishman, William H /3 Glucuromdnso 
its relation to the action of the cstro 
genic hormones, 7 

— and Anlyan, A J The presence of 

high jS glueuronidase activity in cancer 
tissue, 449 

Flemister, Sarah C See Scholander, 
ricimstcr, and Irving, 173 

Flinn, Barbara C Sec ixelrod, Fhnn, 
and Hofmann, 195 

Floyd, Curtis S Sec Ggcssing and Chanu- 
lin, 657 

Folch, Jordi, and Lauren, Miriam Es- 
timation of potassium in biological 
materials as potassium iihosphotung- 
state, 539 

Franklm, A L , Li, Choh Hao, and Dunn, 
Max S The amino acid composition 
of anterior Inpopluscal growth hor- 
mone, 515 

— , Stokstad, E L R , Belt, Margaret, 
and Jukes, Thomas H Biochcniical 
e\penments with a sjnthotic [irepara 
tion liaving an action antagonistic to 
that of pteroj Iglutaniic acid, 427 

Frantz, Ivan D , Jr , and Stephenson, 
Mary L A studj of the reaction 
kinetics of a catheptic enzi me w ith a 
decarbo\j lase as indicator, 359 

Friedberg, Felix, Wmnick, Theodore, 
and Greenberg, David M Peptide 
synthesis in t'l to, 763 

Friedkm, Morris, and Lehnmger, Albert 
L The synthesis of phosphomalic 
acid, IS? 

Fruton, Joseph S , Simmonds, Sofia, 
and Smith, Virginia A The action of 
Escherichia coh on acctyldehj dro 
ammo acids, 267 

— See Simmonds, Tatum, and Fruton, 

91 

— See Yudl in and Fiuton, 621 

G 

Galston, Arthur W Sj nergism betiveen 
indoleacetic and mcotinic acids in a 
plant grow th inhibition, ■IGfi 

Geyer, R P, Nath, H, Barki, V H, 
Elvehjem, C A and Hart, E B 


The vaccenic acid content of various 
fats and oils, 227 

Gjessmg, Erland C , and Chanutm, 
Alfred An electrophoretic study of 
plasma and plasma fractions of normal 
and injured rats, 657 

Goldwater, William H , and Stetten, 
DeWitt, Jr Studies in fetal metab- 
olism, 723 

Gollub, Miriam C , and Vennesland, 
Birgit Fixation of carbon dioxide by a 
plant oxalacetate carboxylase, 233 
Gonfalves, Jose M , Price, Vmcent E , 
and Greenstem, Jesse P Enzymatic 
hj drolvsis of acetyldehydroalanine, 

225 

Gowen, Leo F X See Michel and 
Schetnhet g, 277 

Gray, Charles H , and Holt, Lewis B 
The porphyrin produced bj diphtheria 
bacillus, 235 

Greenberg, David M See hiedberg, 
Winniel , and Greenberg, 763 

Greenstem, Jesse P See Gongalves, 
Price, and Greenstem, 225 

Guest, M Mason Sec IForc, Guest, 
andSecgeis, 231 

Gurm, Samuel See Buchanan, Salami, 
and Gunn, 411 

— See Buchanan, Salami, Gunn, and 
tttlson, 403 

Gustavson, K H Note on the reaction 
of formaldehjde with collagen, 531 
Gutmann, Helmut R , Jandorf, Bernard 
J , and Bodansky, Oscar The role of 
pjTidine nucleotides in the reduction of 
met hemoglobin 145 

H 

Hack, M H Estimation of the phos 
pholipides in human blood, 137 

Hames, William J See Carter, Haines, 
Ledyard, and Yarns, 77 

Hanahan Donald J , and Chaikoff, 

I L 4 new phospholipide splitting 
enzyme specific for the ester linkage 
between the mtrogenous base and the 
phosphoric acid grouping, 699 



770 


iNDnx 


Hanton, L See Dohriner, Lneberman, 
Hanlon, Sarctl, a^id Rhoads, 221 
Hart, E B See Geyer, Nath, BarLt, 
Elvchjcm, and Ilarl, 227 

Hennques, F C , Jr See DcMeio and 
Hennques, 009 

Heuser, G F Sec Darnel, A orris, Scott, 
and Ileiiser, 6S9 

Hodge, Harold Carpenter, MacLachlan, 
P L , Bloor, W R , Welch, Eileen A , 
Komberg, Sylvia Levy, and Falken- 
heim, Marlene Lipidcs of the fasting 
mouse III Phospliolipidc to neutral 
fat relationship in the blood Jipidcs, 

707 

— Sec Fall cnhcim, Neuman, and Hodge, 

713 

Hofmann, Klaus, Wmnick, Theodore, 
and Axelrod, A E The use of Rancj ’s 
nickel in a differential assay for o\y- 
biotin and biotin, 191 

— See Axchod, Fhnn, and Hofmann, 

195 

— See Axchod, Hofmann, and Daubert, 

7C1 

Hogness, Katharme R Sec Pclcrmann, 
Young, and Hogness, 379 

Holt, Lewis B See Gray and Holt, 235 
Horn, Millard J , Jones, D Breese, 
and Blum, Amos E Alicrobiological 
determination of ly sme in proteins 
and foods, 71 

— , — , and — Alicrobiological deter- 
mination of threonine in proteins and 
foods, 739 

Huebner, Charles F , and Jacobs, Wal- 
ter A The aconite alkaloids XVI 
On staphisine and the hydrocarbon 
obtained from its dehydrogenation, 

211 

Huffman, Max N IG Substituted ster- 
oids III The partial synthesis of 
estriol, 167 

Hutchmgs, B L , and Boggiano, E 
Oleic acid as a grou th factor for various 
lactobacilli, 229 

I 

Irving, Laurence See Scholander, 
Flemislei , and Irving, 173 

— See Scholander and Irving, 561 


J 

Jacobs, Walter A Sec Huebner and 
Jacobs, 211 

Jaffe, Werner G , and Elvehjem, C A 
Fractionation of growth stimulating 
factor in liver, 287 

Jandorf, Bernard J See Gutmann, 
Jandorf, and Bodansly, 145 

Jelmek, Viola C See Boxer, Jelmf, 
and Leghoi n, lo3 

Jervis, George A Studies on phenyl 
py rune oligophrenia The position 
of the metabolic error, Col 

Jolmson, R M , and Baumann, C A 
Studies on the reaction of certain cam 
tenoids u ith antimony trichlondc, 83 
Jones, D Breese Sec Horn, Jones, 
and Blum, <1, 739 

Jukes, Thomas H See Franklin, Stok 
stad. Belt, and Jill es, ® 


K 

Kalman, C See Li, Kalman, and Evans, 

62o 

Keller, Elizabeth B Sec Madenue, 
Chandler, Keller, Rachele, Cross, Me[ 
ville, and du Vigneaud, 

— Sec Melville, Rachele, and Feller, 

41" 

Kochakian, Charles D , and Vail, Vk 
gmia N TJie effect of adrenalectomy, 
adrenal cortical hormones, and testos 
terone propionate plus adrenal 
extract on the arginase activity of ^ 
liver and kidney of the rat, 

Komberg, Sylvia Levy See e , 
MacLachlan. Bloor, Welch, Korni^S. 

7?n7l 


ana, Carl See Buehler, ScAanh, 

; Lamanna, , - 

, Henry A , Potter, Richard L . 
lElvehjem,C A TherdleofbmW 
bicarbonate utilization y 

,n, Miriam See Foleh and 

e Theodore F The for^tioD, 
ilution, and optical properties 



AUTHORS 


771 


the diislcrcoisomcnc sulfoxides de- 
rived from I methionine, 477 

Ledyard, W E See Carter, Ilatncs, 
Lcih/ard, and Yarns, 77 

Leghorn, Patricia M See Boxer, Jeli- 
iicl , and Leghorn, 153 

Lehnmger, Albert L bee h riedlin and 
Lchninger, 183 

Lens, J The in u livatioii of insulin 
solutions, 313 

Lewis, Howard B See Schofield and 
Lewis, 373 

Li, Choh Hao, Kalman, C , and Evans, 
Herbert M The cflecfc of the hypo 
phjseal gronth hormone on the alka- 
line phospliatase of rat plasma, 625 

— See Franl Itn, Lt, and Dunn, 515 

— See Mason, Power, Rtjncarson, Cia- 

ramclh, Li, and Evans, 223 

Liebennan, Seymour See Dohnner, 
Licherman, Hanlon, Sarctl, and 
Rhoads, 221 

Lormg, Hubert S , Carpenter, F H , 
and Roll, Paul M The hydrolysis of 
jeast nbonueleio acid by ribonuclei- 
nase I The extent of hydrolysis and 
the preparation of nbonucleinase- 
resistant fractions after ribonucloinasc 
treatment, 601 

M 

Mackenzie, Cosmo G , Chandler, Joseph 
P , Keller, Elizabeth B , Rachele, 
Julian R , Cross, Nancy, Melville, 
Donald B , and du Vig^neaud, Vmcent 
The demonstration of the oxidation 
in VIVO of the methyl group of raethio 
nine, 757 

MacLachlan, P L See Hodge, Mac- 
Lachlan, Bloor, Welch, Kornherg, and 
Falkenlteim, 707 

Majoor, C L H The possibility of de- 
tecting individual proteins in blood 
serum by differentiation of solubility 
curves in concentrated sodium sulfate 
solutions II Comparison of solubil- 
ity curves v, ith results of electro 
phoresis expenments, 583 

Martm, Gustav J Sec Bezier and Mar- 
tin, 345 


Mason, Harold L , Power, Marschelle 
I H , Rynearson, E H , Ciaramelli, 
L C , Li, Choh Hao, and Evans, Her- 
bert M Results of administration of 
anterior pituitary adrenocorticotropic 
hormone to a normal human being, 223 
McGifvery, R W See Cohen and il/c- 
Gilvery, 119 

Melville, Donald B , Rachele, Julian 
R , and Keller, Elizabeth B A 
synthesis of methionine containing 
radiocarbon in the methyl group, 419 
— See Macfenzic, Chandler, Keller, 
Rachele, Cross, Melville, and du Vt- 
gneaiid, 757 

Meyerhof, Otto See Fobs and Meyer- 
hof, 389 

Michel, Harry O , and Schemberg, I 
Herbert The effects of cytochrome 
c on anoxic and cyanide poisoned 
rats, 277 

Miller, Gail Lorenz Sedimentation, vis- 
cosity, and electrophoretic studies on 
puriffcd Leo influenza virus prepara- 
tions, 745 

Milne, John Serum protein fractiona- 
tion a comparison of sodium sulfate 
precipitation and electrophoresis, 595 
Morgan, J F , and Campbell, M E 
A rapid method for the production and 
isolation of penicillinase, 337 

Morrison, Peter R An automatic ap- 
paratus for the determination of oxy- 
gen consumption, 667 

N 

Nath, H Sec Geyer, Nalh, Barli, 
Elvchgem, and Hart, 227 

Neuman, William F Sec FaUenhcirn, 
Neuman, and Hodge, 713 

Norris, L C See Daniel, j\ orris, 
Scott, and Heuser, 689 

Norris, William P Sec Carter, Haines, 
Ledyard, and Norris, 77 

O 

Olson, Kenneth J , Ely, Ray E , and 
Remeke, E P An improxcd method 
for the determination of thiouracil 

681 



772 


ESTDEX 


P 

Petennann, Mary L , Young, Nelson 
F , and Hogness, Katharine R A 
comparison of the Hon e and the elec- 
trophoretic methods for the determina- 
tion of plasma albumin, * 379 

Polls, B David, and Meyerhof, Otto 
Studies on adenosinctriphosphatase 
in muscle I Concentration of the 
enzyme on myosin, 389 

Portis, Richard A , and Altman, Kurt I 
The action of proteolytic eiizj mes and 
protaminase on salmine sulfate, 203 
Potter, Richard L See hardn. Poller, 
and Elvehjem, 451 

Potter, Van R The assay of amnial tis- 
sues for respiratorv enzymes VI 
Further studies on oxidative plios- 
phor 3 lation, 17 

Power, Marschelle H Sec Mason, 
Power, Ry7iearson, Ciaramclh, hi, 
and Evans, 223 

Price, Vmcent E See Gonsalves, Price, 
and Greenstetn, 225 


Q 

Quaife, Mary Louise Tocopherols (vi- 
tamin E) in milk their chemical de- 
termination and occurrence in human 
milk, 513 


R 

Rabmowitz, Jesse C , and Snell, Es- 
mond E The vitamin Be group 
XI An improved method for assay 
of Mtamin Be uitli Streptococcus 
faecahs, 631 

— and — XII Microbiological activity 

and natural occurrence of pyridoxa- 
mine phosphate, 643 

Rachele, Julian R See Mackenzie, 
Chandler, Keller, Rachele, Cross, Mel- 
ville, and du Vigneaud, 757 

— See Melville, Rachele, and Keller, 

419 

Remeke, E P See Olson, Ely, and Rei- 
neke, 681 

Reio, L See Ehrensv&rd, Speiber, 
Sahiste, Reto, and Stjcrnholm, 759 

Rhoads, C P See Dobrincr, Liebcrman, 
Ilariton, Saretl, and Rhoads, 221 


Rhymer, lone, Wallace, G I , Byers, 
L W , and Carter, Herbert E The 

aiitistreptomycin activity of hpositol, 

4o7 

Rmgel, S J See Csonka, Denton, and 
Ringel, 259 

Rittenberg, D See Bloch and Rilten 
berg, 467 

Rogers, Lorene Lane, and Shive, Wil 
ham Biochemical transformations as 
determined by competitive analogue 
metabolite growth inhibitions VI 

Prevention of biotin synthesis by 2 
o\o-4-imidazolidinecaproic acid, 57 

— Sec Shivc and Rogers, 153 

Roll, Paul M See Lonng, Carpenter, 
and Roll, 

Rynearson, E H See Mason, Power, 
Ryncarson, CiaramclU , Li, and Evans, 

223 


akami, Warwick See Buchanan, Sal 
ami, and Gunn, 

- See Buchanan, Salami, Gunn, and 
Wilson, f 

aluste, E bee EhrcnsvSrd, Sperber, 
Salvstc, Rcio, and Stjernholm, 7o9 
arett, Lewis Hastmgs See Dohnner, 
Licbei man, Hanton.Sarett, and Rhoads, 

chantz, E J Sob Buehlcr,SchanU,o^^ 

Lamanna, , ■ 

chemberg, I Herbert See i 
and Scheinberg, 

chofield, Frances A , ai'*! ® ’ 

Howard B A comparative study 
the metabolism of a alanine, Pa n'”®' 
serine, and isoserine 
content of the liver after oral adnums^ 
tration of the ammo acids, 
iholander, P F, and Evan®, 
Microanalysis of fractions o 
millimeter of gas, rmne, 

, Fl,o.,Mr. C. md I""'' 

tion of the blood gases 
carbon dioxide and ^,ood 

and Irvmg. Laurence Wic 
gas analysis in frictions 
millimeter of blood, 



ATJTHOnS 


773 


Scott, M L Spc Dautcl, Norn’s, Scott, 
and IIcus(.r, CS9 

Seegers, Walter H ,‘^cc 11 arc. Guest, 
and Seeqer’s, 231 

Shive, William, 'ind Rogers, Lorene 
Lane Iinohcmont of biotin in the 
biosynthesis of ovilicetic and a-keto 
glutarip acids, 453 

— See Rogers and Shiic, 57 

Shorb, Mary S Tjnidentificd growth 

factors for Lactohacillus loch’s in le 
fined Incr extracts, 155 

Shorr, Ephraim See Taus’sl y and 
Shorr, 103 

Smimonds, Sofia, Tatum, E L , and 
Fruton Joseph S The utilization of 
phenj lalaninc and tj rosine derivatives 
b} mutant strains of Eschcnchta coh, 

91 

— See Fruton, Simmond’s, and Simlh, 

267 

Simonsen Daisy G , Westover, Leola 
M , and Wertman, Maxme Tlic de 
termination of scrum magnesium by the 
molybdii anadate method for phos 
phate, 39 

Sizer, Irwm W The iction of tyrosinase 
on certain proteins and products of 
their autol} sis, 303 

Smith, Virgmia A Sec Fruton, Sim- 
nionds, and Smith, 267 

Snell, Esmond E See Rabinowitz and 
Snell, 631, 643 

Sperber, E See Ehrcnsv&rd, Spciber, 
Saluslc, Rcio, and Sljcrnholm, 759 
Stephenson, Mary L See Frantz and 
Stephenson, 359 

— See Zameemk and Stephenson, 349 
Stetten, DeWitt, Jr See Goldwatei and 

Stetten, 723 

St] emholm, R See Ehrensvdi d, Spei bci , 
Salitste, Reio, and Stjernholm, 759 
Stokstad, E L R See Fsanhhn, Stoh- 
stad, Belt, and Jukes, 427 

Struglia, Lena See Daniel, Norris, 
Scott, and Heuscr, 689 

Stumpf, P K A colonmotric method 
for the determination of desoxyribonu 
cleic acid, 367 


T 

Tatum, E L See Simmonds, Tatum, 
and Fruton, 91 

Taurog, Alvin, and Chaikoff, I L The 
metabolic interrelations of thyroxine 
ind diiodotyrosine m the thj roid gland 
as shown by a study of their specific 
activitj time relations in rats injected 
with radioactive iodine, 49 

Taussky, Hertha H , and Shorr, 
Ephraim A microcolonmetric method 
for the determination of citric acid, 

103 

V 

Vail, Virgmia N See Kochakian and 
Vail, 1 

Van Slyke, Donald D See Chinard and 
Van Slyke, 571 

Vennesland, Birgit See Gollvb and 
Vcnncsland, 233 

Vickery, Hubert Bradford Rules for 
the nomenclature of the natural amino 
acids and related substances, 237 
du Vigneaud, Vmcent See Dittmer and 
dll Vigneaud, 63 

— See Mackenzie, Chandlei , Keller, 

Rachelc, Cross, Melville, and du Vi- 
gneaud, 757 

W 

Wallace, G I See Rhymer, IFallace, 
Byers, and Carter, 457 

Ware, Arnold G , Guest, M Mason, and 
Seegers, Walter H A factor in plasma 
which accelerates the activation of 
prothrombin, 231 

Welch, Eileen A See Hodge, Mac- 
Lachlan, Bloor, Welch, Koinberg, and 
Fall enheim, 707 

Wertman, Maxine See Simonsen, TFest- 
ovei, and Wertman, 39 

Westover, Leola M See Simonsen, 
Westover, and Wertman, 39 

Wilson, D Wright See Buchanan, 
Sakami, Gunn, and Wilson, 403 

Wmnick, Theodore See Fnedberg, 
II tninck, and Greenberg, 763 

— See Hofmann, Winnick,and Axelrod, 

191 



77^ 


^^^■DEX 


L°r j4? 

'.*3., ■«“« VI i,e"jj;:;;f| 

521 / 


«« s,. . 

*'«™'4<rr'‘"' -» fir 

mafic 1,, j booties nf “ "'■ 


277 



INDEX TO SUBJECTS 


Acetic acid Indole-, nicotinic acid and, 
plant growth inhibition, relation, 
Galslon, 4G5 

0\al-, biosj'nlhcsis, biotin r61e, Shiie 
and Rogers, 453 

Acetoacetate Isotopic, fatty acid oxida- 
tion meclianisni, use in study, Buch- 
anan, Sal amt, and Gunn, 411 

— , oxidation, biological, products, 
Buchanan, Salami, Gunn, and Wil- 
son, 403 

Acetylamino acid(s) Metabolism, Bloch 
and RtUenherg, 467 

Acetyldehydroalanme Hydrolysis, en- 
zymatic, Gongalvcs, Price, and 
Grccnstein, 225 

Acetyldehydroammo acid(s) Escheri- 
chia colt effect, Frulon, Simmonds, 
and Smith, 267 

Aconite Alkaloids, Hcuhner and Jacobs, 

211 

Adenosinetriphosphatase Muscle, Polls 
and Meyerhof, 389 

Myosin, effect, Palis and Meyerhof, 

389 

Adrenal (s) Cortex extract and testos- 
terone propionate, liver and kidney 
arginase, effect, Kochalian and Vail, 

1 

— hormones, liver and kidney arginase, 
effect, Kochalian and Vail, 1 
Adrenalectomy ICidney arginase, effect, 
Kochalian and Vail, 1 

Liver arginase, effect, Kochalian and 
Vail, 1 

Adrenocorticotropic hormone Pituitary, 
antenor, admimstration effect. Ma- 
son, Power, Rynearson, Ciaramelli, 
Li, and Evans, 223 

Alanme a-, metaliolism, Schofield and 
Lewis, 373 

Acetyldehj dro-, hydrolysis, enzyma- 
tic, Gongalves, Price, and Green- 
stein, 225 

P-, metabolism, Schofield and Lewis, 

373 

Phenyl- Sec Phenylalanine 


Albumm Blood plasma, determination, 
Howe and electrophoretic methods, 
companson, Pelermann, Young, and 
Uogness, 379 

Alkaloid (s) Aconite, Huehner and Jac- 
obs, 211 

Ammo acid(s) Acetyl , metabolism, 
Bloch and Rilienberg, 467 

Acetj Idehj dro , Escherichia coli ef- 
fect, Fruion, Simmonds, and Smith, 

267 

Clash idtum bolulinum toxin, type A, 
crystalline. Bitchier, Schantz, and 
Lamanna, 295 

Hypophyseal growth hormone, Franl- 
lin, Li, and Dunn, 515 

Liver glycogen, administration effect, 
Schofield and Lewis, 373 

Nitrogen, blood plasma, determina- 
tion, Fohn photometric and nin- 
hj dnn manometnc, comparison, Chi- 
nard and Van Style, 571 

Nomenclature, Viclcry, 237 

Torulopsis utilis, utilization, Ehren 
svdid, Spcrbei , Saluste, Reio, and 
Stjeinholm, ^33 

Ammohippuric acid p-, formation, liver 
homogenates, Cohen and McGilvery, 

119 

Anoxia Cytochrome c effect, Michel and 
Schcinberg, 277 

Antimony trichloride Carotenoids, reac- 
tion, Johnson and Baumann, 83 
Apparatus Ox%gen consumption deter 
inination, Mornson, 667 

Argmase ICidnej , adrenalectomj , ad- 
renal cortical hormones, testosterone 
propionate plus adrenal cortex ex- 
tract, effect, Kochalian and VaiL 

Liver, adrenalectomy, adrenal cortical 
hormones, testosterone propionate 
plus adrenal cortex extract, effect, 
Kochalian and Vail, ^ 

B 

Bacillus See also Lactobacillus 


775 



776 


INDEX 


Bacteria Bicarbonate utilization, biotin 
r61e, Lardy, Potter, and Eluehjem, 

451 

Growth, pterins, sjnthetic, effect, 
Daniel, N’orns, Scott, and Ilevser, 

689 

See also Closindivrn, Eschcnchta, 
Sh eptocoeem 

Barley Sugar, carbon, labeled, Aronoff, 
Barker, and Calvin, 459 

Bicarbonate Utilization, bacteria, bio- 
tin r61e. Lardy, Pottei , and Elve 
hjem, 451 

Biotin Bicarbonate utilization, bacteria, 
r61e, Lardy, Pot lei , and Elvehjem, 

451 

Determination, Raney’s nickel, use, 
Hofmann, Wtnnick, and Axelrod, 

191 

Imidazohdone aliphatic acids, effect, 
Diitmer and du Vigneaud, 63 

a-Ketoglutaric acid biosynthesis, r61e, 
Slave and Rogers, 453 

Oxalacetic acid biosynthesis, rdle, 
Shwe and Rogers, 453 

0\y-, determination, Raney’s nickel, 
use, Hofmann, Winnick, and Axel- 
rod, 191 

— , yeast metabolism, Axelrod, Fhnn, 
and Hofmann, 195 

Synthesis, 2 o\o-4-imidazolidinecaproic 
acid, effect, Rogers and Skive, 57 
Vaccenic acid fraction, activity, Axel- 
rod, Hofmann, and Danbcrt, 761 
Blood Carbon dioxide determination, 
gasometnc, micro-, Scholander, 
Flemister, and Irving, 173 

Gas, determination, micro-, Scholander 
and Irving, 661 

Gases, determination, gasometnc, mi- 
cro-, Scholander, Flemister, and 
Irving, 173 

Glycolysis, Bird, 493 

Lipides, phospholipide-neutral fat re- 
lationship, fasting, Hodge, Mac- 
Lachlan, Bloor, Welch, Kornherg, 
and Falkenheim , 707 

Oxygen determination, gasometnc, mi- 
cro-, Scholander, Flemister, and 
Irving, 173 

■Phosphohpides, determination, Hack, 

137 


Blood plasma Albumin, determination, 
Howe and electrophoretic methods, 
companson, Pelermann, Young, and 
Hogness, 379 

Amino acid nitrogen, determination, 
Folin photometnc and ninliydnn 
manometne, comparison, Chtnard 
and Van Slyl c, 571 

Electrophoresis, injury effect, Gjcsstng 
and Chanutin, 6o7 

Factor, prothrombin activation, effect, 
TF^arc, Guest, and Seegers, 231 
Phosphatase, alkaline, hjpophjseal 
growth hormone, effect, Li, Kalman, 
and Evans, ' 525 

Blood serum Magnesium, detcnnina 
tion, mob bdivanadate 
sen, Wcstoier, and Weriman, 39 
Proteins, differentiation, sodiimi sul 
fate solubilitj curves, Majoor, 533 
— , — , — — solubility curves and 
electrophoresis, companson, 

— , fractionation, sodium sulfate pre 
cipitation and electrophoresis, com 


parison, Milne, 


695 


Bram Sphingolipide preparation, Car 
ter, Haines, Ledyard, and Norrih 

Broth Streptomycin determination, col 
orimctnc, Boxer, Jehnek, and ? 
horn, 


Calcified tissue Phosphate, radioactive, 
adsorption, phospliate exc ng 

mechanism, Fall enhcim, 
and Hodge, 

Calcium Succimc oxidase system 
hibition bj d-a tocopheiyl pl-J 
phate, effect, Ames, 

Cancer Tissue, ^ glucuromdase ac^^ 
ity, Fishman and Anlyan, 

Caproic acid 2 Oxo4 imidazolidicj 
biotin synthesis, effect, Foyc 

Shive, jrnnoff, 

Carbon Labeled, barlej sugar, 

Bari er, and Calvin, 

Radioactive, metbiomne J 

containing, synthesis, MeWie, 
ckelet Kellcrj 



SUBJECTS 


777 


Carbon dioxide Blood, determination, 
gasometne, micro , Scholaiider, 
Flcmtslcr, and Irvtng, 173 

Fixation, plant oxalacetate carbox- 
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pborylated, effect. Baler and Mar- 
tin, 345 

Dehydropeptidase Tissue, Yudkin and 
Fruton, S21 
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berg, and Falkcnheiin, 707 
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biological, Horn, Jones, and Blum, 

71 
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and Blum, 739 

Formaldehyde Collagen, reaction, Gvs- 
tavson, 531 
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metric, nucro-, Scholander, Flemts- 
icr, and Irving, 173 , 

— , — , micro , Scholander and Irving, 
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tration effect, Schofield and Levns, 
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Glycolysis Blood, Bird, 493 
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effect, Daniel, Noms, ScoU, and 
Heuser, 6S9 

Biochemical transformations, Bogers 
and Shivc, FI 

Factor, liver, fractionation, Jafe and 
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Franlhn, Li, and Dunn, 515 
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Evans, 625 

Lactobacillus arabinosus, ptenns, sym- 
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Glucuronidase /3 , cancer tissue, activ - 
ity, Fishman and Anlijan, 449 
— , estrogenic hormone action, relation, 
Fishman, 7 

Glutamic acid Pteroyl-, antagonist, 
^mthetic, Franlhn, Stolstad, Belt, 
and Jules, 427 

Glutanc acid a-Keto-, biosymthesis, 
biotin r61e, Shne and Rogers, 453 
Glutathione Synthesis liver, Bloch and 
Anler, 

utilizatii 
le, R 

7 



Hemoglobm hlet- See Methemoglobm 
Hippuric acid p-4mino-, formation, 
liver homogenates, Cohen and i c 
Gihcrg, 

Hypophysis Grou-th hormone, 
acids, Franlhn, Lt, and Dunn, 

— — , blood plasma phosphatase, a 
kaline, effect, Lt, Kalman, on 
Evans, 

I 

Imidazolidone Aliphatic acids, 

biotin activity, Dittmer an ^ 
Vigneaud, . 

idoleacetic acid Nicotinic acid an , 
plant growth inhibition, re 
i^Gahlon, 
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Influenza Vims, sedimentation, viscos 
itj , ^ and electrophoretic studies, 
Miller, 745 

Injury Blood plasma electrophoresis, 
eflect, Gjcssing and Chanutin, 657 
Insulin Solutions, inactivation, Lens, 

313 

lodme Hadioactive, thyroxine diiodo 
tyrosine metabolic interrelations, 
use in study, Taurog and Cliatkoff, 

49 

Isoserme Metabolism, Schofield and 
Lewis, 373 

K 

Ketoglutanc acid biosynthesis, bio- 
tin rfile, Shiie and Rogers, 453 
Kidney Arginasc, adrenalectomy, ad- 
renal cortical hormones, testosterone 
propionate plus adrenal cortex ex- 
tract, effect, KochaLian and Vatl, 

1 

L 

Lactobacillus Growth, oleic acid effect, 
Hutchings and Boggiano, 229 

Lactobacillus arabinosus Grow th, pter- 
ins, synthetic, effect, Daniel, Nor- 
ris, Scott, and Heitser, 689 

Lactobacillus casei Growth, ptenns, 
synthetic, effect, Daniel, Norris, 
Scott, and Heuser, 689 

Lactobacillus lactis Growth, liver ex- 
tracts, Short), 455 

Lipide(s) Blood, phospholipide-neutral 
fat relationship, fasting, Hodge, 
MacLachlan, Bloor, Welch, Korn- 
berg, and Falkenheim, 707 

Fasting, Hodge, MacLachlan, Bloor, 
Welch, Kornherg, and Fall enhexvi, 

707 

Phospho- See Phospholipide 
Sphmgo See Sphingolipide 
Lipositol Streptomycin effect. Rhymer, 
Wallace, Byers, and Carter, 457 
Liver p-Ammohippuric acid formation, 
Cohen and McGilvery, 119 

Arginase, adrenalectomy, adrenal cor- 
tical hormones, testosterone pro- 
pionate plus adrenal cortex extract, 
effect, KochaLian and Vail, 1 


■tjver — continued 

Extract, Lactobacillus laciis grow'th, 
Shorb, 455 

Glutathione synthesis, Bloch and 
Anker, 765 

Glycogen, amino acid administration 
effect, Schofield and Lewis, 373 
Growth factor, fractionation, Jaffe 
and Elvehjem, 287 

Urea formation, ornithine relation, 
Borsook and Dubnojf, 461 

Lysme Foods, determination, micro- 
biological, Horn, Jones, and Blum, 

71 

Proteins, determination, microbiolog- 
ical, Horn, Jones, and Blum, 71 

M 

Magnesium Blood serum, determina- 
tion, molybdivanadate use, Simon- 
sen, V estover, and Wertman, 39 
Malic acid Phospho-, synthesis, Fried- 
kin and Lehninger, 183 

Methemoglobin Reduction, pyndine 
nucleotides, r61e, Gutmann, Jan- 
dorf, and Bodansky, 145 

Methionme Eggs, Csonla, Denton, and 
Ringel, 259 

Formation, transmethylation in vitro, 
Borsool and Dubnoff, 247 

L-, diastereoisomenc sulfoxides from, 
formation, resolution, and optical 
properties, Lamne, 477 

Methyl group, oxidation in vivo, Mac- 
Icnzie, Chandlei, Keller, Rachele, 
Cross, Melville, and du^Vigneaud, 

757 

Synthesis, radiocarbon in methyl 
group, Melville, Rachele, and Keller, 

419 

Milk Tocopherols, Quaife, 513 

— determination, chemical, Quaife, 

513 

Whey, proteins, Deutsch, 437 

Muscle Adenosinetnphospliafase, PoUs 
and Meyerhof, 

Myosm Adenosinetnphospbatase effect. 

Polls and Meyerhof, 
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N 

Nicotinic acid Indoleacetic acid and, 
plant grow til inhibition, relation, 
Galslon, 4C5 

Nitrogen Ammo acid, blood plasma, de- 
termination, Folin photometric and 
ninhydnn manometnc, comparison, 
Chtvard and Yan Shjlc, 571 

Nomenclature Ammo acids, Ytckenj, 

237 

Nucleic acid Desoxjribo-, determina- 
tion, colonmetnc. Slump/, 367 
Ribo-, jeast, nbonuoleinase, hydrolj- 
sis, Loring, Carpenter, and Roll, 

601 

— , — , nbonucleinase-rcsistant frac 
tions, hjdrolysis and preparation, 
Lonng, Carpenter, and Roll, 601 
Nucleotide (s) Pyndine, methomoglobin 
reduction, r61c, Gutmann, Jandorf, 
and Bodansly, 145 

Tnphosphopyndine, synthesis, onrv- 
matic, Allman and Evans, 463 

0 

Oil(s) Vaccenic acid, Gcyer, Nath, 
Barit, Elvehgetn, and Hart, 227 
Oleic acid Lactobacillus growth, effect, 
Hutchings and Boggiano, 229 
Oligophrenia Phenylpyruvic, metabolic 
error, position, Jervis, 651 

Ornithine Urea formation, liver homo- 
genate, relation, Borsoof and Dub- 
noff, 461 

Oxalacetate Carbo\ylase, plant, carbon 
dio\ide fixation, effect, Gollvb and 
Vennesland, 233 

Oxalacetic acid Biosynthesis, biotin 
role, Shtve and Rogers, 453 

Oxidase Succinic, system, inhibition 
by d-a tocopherjd phosphate, cal- 
cium effect, Ames, 503 

Oxo-4-imidazolidmecaproic acid 2-, bi- 
otin synthesis, effect, Rogers and 
Shtve, 57 

Oxybiofm Determination, Raney’s nick- 
el, use, Hofmann, Winnicl , and 
Axelrod, 191 

Yeast metabolism, Axelrod, Fhnn, 
and Hofmann, 195 


Oxygen Blood, determination, gasomet 
ric, micro , Scholander, Flemtskr, 
and Irving, 173 

Consumption, determination, appara- 
tus, Morrison, 067 

P 

Penicillmase Isolation, Morgan and 
Campbell, 337 

Production, Morgan and Campbell, 

337 

Peptidase Dehydro-, tissue, Ytidktn 
and Friiton, 521 

Peptide (s) Bond, synthesis, Cohen and 
McGtlvcry, 119 

Hydrolysis, enzymatic, kinetics, de 
termination, manometnc, Zameemt 
and Stephenson, 319 

Sinthcsis, tn vivo, Fnedbcrg, Winnicl, 
and Greenberg, 763 

Phenylalanme Escherichia colt, utiliza 
tion, Siwmonrfi, Tatum, and Fra 
ton, 

Phenylpyruvic oligophrenia Metabolic 
error, position, Jervis, 63^ 

Phosphatase Adenosinetn , muscle. 
Fobs and Meyerhof, 389 

— , myosin, effect. Fobs and Meverhof, 

389 

Alkaline, blood plasma, hypophyses! 
growth hormone, effect, Li, Kalman,^ 
and Evans, 

Phosphate (s) Calcified tissue, radioac 
tive phosphate adsorption, Falhen 
hcim, Neuman, and Hodge, 713 
Phospholipide(s} Blood, determination. 

Hack, 

Neutral fat relationship, blood lipides, 
fasting, Hodge, MacLachlan, Bloor, 
Welch, Kornberg, and Falkcnhcim, 

-Splitting enzvme, nitrogenous base 

and phosphoric acid ester 
Hanahan and Chaikoff, 
Phosphomalic acid Synthesis, Fne 
and Lchmnger, y. 

Phosphorylation Oxidatne, Pom^> 
Pituitary Antenor, adrenooortico ro 
hormone, administration effec , 

eon, Foucr, Ryncarson, Ctaramel^ 

Lt, and Evans, 

See also Hypophysis 
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Plant Grow th, inhibition, indolcacetic 
and nicotinic acids, relation, Galston, 

465 

Ovalacctato carboxylase, carbon di- 
oxide fixation, effect, GoUuh and 
Vcnncsland, 233 

Porphyrin Diphtheria bacillus, Graij 
and Holt, 235 

Potassium Biological matcnals, deter- 
mination as potassium phosphotung- 
state, FaJeh and Lauren, 539 

Proline Tondopsts ulihs, utilization, 
Lhraisi&rd, Sperher, Sahtde, Reto, 
and Sljcrnholm, 759 

Protammase Salmine sulfate, effect, 
Poriis and Altman, 203 

Protem(s) Blood scrum, differentia- 
tion, sodium sulfate solubility 
curves, Majoor, 583 

, — , — sulfate solubility curves 

and electrophoresis, comparison, Ma- 
joor, 583 

— fractionation, sodium sulfate 
precipitation and electrophoresis, 
companson, Milne, 595 

Lysine determination, microbiological, 
Morn, Jones, and Blum, 71 

Milk whey, Deulsch, 437 

Threonine determination, Horn, Jones, 
and Blum, 739 

Tyrosinase effect. Sizer, 303 

Proteolysis Enzymes, salmine sulfate, 
effect, Portis and Allman, 203 

— , tissue, Yiidkin and Fruton, 521 
Prothrombm Activation, blood plasma 
factor, effect. Ware, Guest, and See- 
gers, 231 

Pterm(s) Synthetic, bactenal growth, 
effect, Daniel, Norris, Scott, and 
Heuser, 689 

— , Laelohacillus casei and Lacto- 
bacillus arabinosus grow'th, effect, 
Daniel, Norris, Scott, and Heuser, 

689 

, Streptococcus faecalis growth, ef 
feet, Daniel, Norris, Scott, and 
Heuser, 689 

Pteroylglutamic acid Antagonist, syn- 
thetic, Franklin, Stokstad, Belt, 
ond Jukes, 427 


Pyndme Nucleotides, methemoglobin 
reduction, r61e, Gutmann, Jandorf, 
and Bodansky, 145 

Triphospho-, nucleotide, sjmthesis, en- 
zymatic, Allman and Evans, 463 
Pyndoxamme phosphate Microbiolog- 
ical activity and occurrence, Rabino- 
witz and Snell, 643 

Pyndoxine Desoxy-, phosphorylated, 
tyrosine decarbox-ylase, effect, Bei- 
Icr and Martin, 345 

R 

Respiratory enzyme (s) Tissue, deter- 
mination, Potter, 17 

Ribonucleic acid Yeast, ribonucleinase- 
resistant fractions, hydrolysis and 
preparation, Loring, Carpenter, and 
Roll, 601 

Ribonuclemase -Resistant fractions, 
yeast ribonucleic acid, hydrolysis 
and preparation, Loring, Carpenter, 
and Roll, 601 

Yeast nbonucleic acid hydrolysis, 
Loring, Carpenter, and Roll, 601 

S 

Salmme sulfate Enzymes, proteolytic, 
effect, Portis and Altman, 203 
Protammase effect, Portis and Altman, 

203 

Serme Iso-, metabolism, Schofield and 
Lewis, 373 

Metabolism, Schofield and Lewis, 373 
Sphmgolipide(s) Biochemistry, Carter, 
Haines, Ledyard, and Norris, 77 
Brain, preparation. Carter, Haines, 
Ledyard, and Norris, 77 

Cerebrospinal cord, preparation. Car 
ter, Haines, Ledyard, and Norris, 

77 

Spmal cord See Cerebrospmal cord 
Staphisme Huebner and Jacobs, 211 
Hydrocarbon, Huebner and Jacobs, 

211 

Steroxd(s) 16 Substituted, Huffman, 

167 

Streptococcus faecalis Growth, ptenns, 
synthetic, effect, Daniel, Norris, 
Scott, and Heuser, 689 

Vitamin B« determination, use in, 
Rabinowitz and Snell, 631 
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INDEX 


Streptomycin Broth, determination, col- 
onmctnc. Boxer, JehneJ , and Leg- 

153 

Clinical preparations, determination, 
colonmelric. Boxer, Jehne! , and 
Leghorn, I53 

Lipositol effect, lihjmcr, Wallace, 
Bi/crs, and Carter, 457 

Unno, determination, colonraetnc, 
Boxer, JchncK, and Tjcghom, 153 
Succinic oridase Si stem, inhibition bj 
d-ot-tocopherj 1 phosphate, calcium 
effect, Ames, 503 

Sugar Barle> , carbon, labeled, Aronoff, 
Barlcr, and Cahin, 459 


Tellunum Dc^feto and llcnrtques, GOD 
Tissue, c\cretion and distribution, 
radioactu c isotope in studi , DeMcto 
and Hcnrtqucs, 009 

Testosterone propionate Adrenal cor- 
tc\ extract and, h\er and kidnci 
arginase, effect, Kochaltan and Vatl, 

1 

Thiouracil Determination, Olson, Ely, 
and Rcincl c, 6S1 

Threonine Foods, determination, micro- 
biological, Horn, Jones, and Blum, 

739 

Protems, dctormination, microbiolog- 
ical, Horn, Jones, and Blum, 739 
Thyroid. Thj roxino-diiodotyrosino met- 
abolic interrelations, radioactnc 10 
dine in Btiidi , Taurog and Chatkojf, 

49 

Thyroxme Diiodoti rosinc, tlii roid 
gland, metabolic interrelations, ra- 
dioactnc iodine in studi, Taurog 
and Chatkoff, 49 

Tocopherol(s) Milk, Quaifc, 513 

— , determination, chemical, Quaxfc, 

513 

Tocopheryl phosphate d-a-, succinic 
oxidase sistem inhibition bv, cal- 
cium effect, Ames, 503 

Torulopsis utilis Ammo acid utilization, 
EhrcnsvSrd, Sperher, Saltistc, Rexo, 
axid Sigcrnholm, 769 


Torulopsis utilis — continued 
Gli cine utilization, Bhrensv&rd, Sp 
her, Saluslc, Rcio, and Stjcrnholn^. 

Prohne utilization, Ehrensvard, sJ 
her, Salustc, Reto, and Slgernholm\ 

Toxin Closlndtum holtdinum, typeL 
crystalline, amino acids, Buehl 
Schanle, and Lamanna, | 

Triphosphopyndme Nucleotide synt| 
sis, enzymatic, Allman and Eva 


t, Sizer, j 


Tyrosmase Proteins, effect, . 

Tyrosme Decarboxylase, desoxypi 
doxine, phosphorylated, effect, B 
Icr and Marlin, | 

Diiodo , thyroxine, thyroid glai 
metabolic interrelations, radioactt 
iodine in study, Taurog and Ch 
I off, 

Escherichia coli, utilization, Smmor. 
Tatum, and Fruion, 


rr 


Uracil Thio-, determination, O/mh, 4 
and Reincfe, ( 

Urea rormation, liver bomogerei 
ornithine relation, BorsooJ and R 
noff, 

Urme A’-Etiocholenol-3(a)-one 17, 
lation, Dobnner, Lieberman, Jfj 
lion, SarcU, and Rhoads, 
Streptomicm determination, col: 
metnc. Boxer, Jelinel, and LegfiO 


Vaccenic acid Fats, Gegcr, Nath, BA 
Ehehjem, and Hart, ' 

Fraction, biotin activity, 
Hofmann, and Daubert, 

Oils, Geyer, Nath, Barh, Elvch, 
and Hart, 

Virus Influenza, sedimentation, 
cosity, and electrophoretic stii 
Miller, 



SUBJECTS 


783 


ainm(s) A, dccomixjsition, o\idative, 
Bolomcy, 323, 331 

— , oxidation and irradiation ofTect, 

Bolomcy, 323 

oxidized, spectrophotometrj’, Bolo 
1 mey, 331 

Ij, Rabtnowilz and Snell, 631, 643 

-, determination, Slrcplococcus fac- 
i calls use, Rabinowilz and Snell, 631 
. See also Tocopherol 
1 See also Biotm 

W 

cy Milk, proteins, Dcntsch, 437 


Y 

Yeast Oxybiotin metabolism, Axelrod, 
Fltnn, and Hofmann, 195 

Ribonucleic acid, ribonucleinase hy- 
drolysis, Lonng, Carpenter, and Roll, 

601 

— — , nbonucleinase-resistant frac- 
tions, hydroljsis and pregaration, 
Lonng, Carpenter, and Roll, 601 

Sec also Torulopsis 
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